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I. CLADOCHYTRIUM REPLICATUM KARLING 


INTRODUCTION 


The species, genera, and families of fungi which are collectively 
grouped under the order Chytridiales are unusually diverse in structure, 
life cycles, habitat and method of development; and for a group of organ- 
isms which show so many widely different indications as to origin, de- 
scent, and phylogenetic relationships they have received comparatively 
little attention from cytologists. The majority of students of these fungi 
have for the most part been concerned with recording the occurrence of old 
and new species throughout the world and describing their developmental 
stages. Furthermore, the larger number of such descriptions have been 
only fragmentary and based on isolated stages of development, and have 
thus left wide gaps in our knowledge of the life cycles of the chytrids. This 
scarcity of cytological data is primarily due without doubt to the fact that 
the majority of the species are markedly evanescent and difficult to pro- 
cure In sufficient quantities for intensive investigation, as well as unusually 
minute in size. In addition, very few of them are economically important 
as parasites, and have thus attracted but little attention from patholo- 
gists. 

A general survey of the literature of the Chytridiales shows that 
scarcely more than six genera and less than two dozen species have so far 
been studied cytologically with any degree of intensity. As a consequence, 
very little is known about the details of karyokinesis, cytokinesis, asexual 
and sexual reproduction, pathogenicity, host and parasite relationship, etc., 
as a whole in the widely divergent families of the group. Meiosis or reduc- 
tion division, for example, has been described in only one species, while 
chromosome counts have been made in only six. Furthermore, the ac- 
counts of these various cytological processes which have been given in the 
literature are directly conflicting in many instances, while others are 
scarcely more than a revival in modified form of the old theories of Schlei- 
den and Schwann as to the origin of the nuclei and cell division. 

The first part of this contribution will deal with the processes of nu- 
clear and cell division, zoosporogenesis, resting spore development, and 
structure and organization of the thallus of Cladochytrium replicatum 
Karling, while the second will review the accounts of these processes as 
they are given in the literature of the Chytridiales as a whole. In the latter, 
the literature is quite extensive, and for the sake of convenience it may 
perhaps be best summarized and analyzed chronologically by separate 
families. The Plasmodiophoraceae are excluded from this discussion on the 
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ground that there is little or no agreement among students of the so-called 
Archimycetes as to their exact relation to the chytrids. The order in which 
the families are presented is not to be interpreted as indicating the author’s 
conception of their phylogeny and relationship. This analysis is not pri- 
marily concerned with these problems, and for this reason the order of 
presentation is immaterial. Furthermore, a number of genera included here 
are very doubtful as far as their validity and relation to the chytrids are 
concerned, but in view of the fact that our knowledge of this group of 
fungi is at present so imperfect and fragmentary it is impossible to estab- 
lish well-defined limits. While the majority of species and genera may 
possibly be grouped into vague and poorly delimited families, the order as 
a whole is scarcely more than a dumping ground for relatively simple 
fungi. At least it cannot be regarded as a phylogenetic group in our present 
state of knowledge. 


MATERIALS AND METHODS 


Among the various genera and species investigated by the author dur- 
ing the past ten years, none lends itself more favorably to cytological 
study than Cladochytrium replicatum Karling. Not only is it widely distri- 
buted in nature and thus readily available, but it can be easily grown in 
abundance as a saprophyte in sterilized plant tissues, thus eliminating 
most of the difficulties usually encountered in fixing, embedding, and stain- 
ing these minute organisms. Furthermore, its nuclei and other cell organs 
are fairly large, clear and conspicuous in fixed and stained preparations. 
In this study C. replicatum was isolated from dead leaves of Eriocaulon 
septangulare and cultured in sterilized roots of Panicum variegatum, succu- 
lent internodes of Tradescantia, and cells of Nitella flexilis, as has been 
described in previous publications (1931b, 1935) by the author. These tis- 
sues were first boiled in water until fairly soft and then placed in small 
battery jars containing infected leaves of the pipewort. Within a few days 
they usually became heavily infected with the saprophyte, and by fixing 
such soft and fleshy tissues an abundance of thalli in all stages of develop- 
ment were secured. It is thus obvious that by this method C. replicatum 
can be manipulated as easily as root tips, anthers, etc., throughout the 
steps of killing, washing, dehydration, and imbedding. 

A wide variety of fixing agents were employed, including Flemming’s 
medium and weak solutions at full strength as well as in dilutions of 35, Z, 
4, and 75 with distilled water, chrom-acetic, Merkle’s, osmic acid vapor, 
absolute alcohol, Bouin’s, and Allen’s and Wilson’s modifications of 
Bouin’s solution in various dilutions. Regaud’s, Némec’s, and Benda’s 
fixatives were used for the study of chondriosomes and checked in each 
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case against intra-vitam staining with Janus green. Material killed in these 
latter solutions was stained in Heidenhain’s iron haematoxylin, Benda’s 
sulfalizarine crystal violet, and acid fuchsin-toluidin blue and aurantia, 
according to Champy-Kull’s method. For the more general cytological 
structures Flemming’s 4 weak and } medium solutions with a fixation 
period of 48 hours have given the best and most consistent results, particu- 
larly when followed by the triple stain. Likewise Allen’s and Wilson’s 
modifications of Bouin’s solution when used in combination with Heiden- 
hain’s iron alum haematoxylin and counter-stained with dilute Orange G 
gave excellent preparations. Feulgen’s nuclear and Newton’s gentian vio- 
let stains were also employed to good effect, especially in relation to the 
origin and structure of the chromosomes. In all cases the appearance of the 
rhizomycelium, spindle organs, zoosporangia and resting spores in the fixed 
and stained preparations were continually compared with living and intra- 
vitam stained material, so as to check as far as possible the degree of 
alteration and artifact incurred. 


METHOD OF INFECTION, DEVELOPMENT, STRUCTURE 
AND ORGANIZATION OF THE THALLUS 


As has been described and figured in my previous papers on C. replica- 
tum, the zoospores in the free swimming stage are uniciliate, hyaline, and 
spherical with a conspicuous, highly refractive, golden red globule lying 
in or near the center. This body frequently appears to lie in a vacuole, and 
is usually the only structure that can be seen with certainty in living 
material. In fixed and stained preparations, on the other hand, the appear- 
ance and structure are quite different. The refractive globule is no longer 
visible as such, and in the center of the zoospore lies a comparatively large 
nucleus with a small nucleole and a large densely stained external nuciear 
cap. The nucleus is generally connected with the point of attachment of 
the cilium by delicate and faint cytoplasmic strands. 

Following the active swimming period the zoospore becomes sluggish 
and frequently amoeboid, loses its cilium and comes to rest on the host 
tissue, as is shown in figure 1. Very shortly afterwards, unless degeneration 
occurs, a very fine germ tube is produced which penetrates the wall of the 
host cell. The diameter and size of this tube depend to some degree on the 
character of the wall. If the host material has been cooked for a long time 
so that the walls are quite soft, the germ tube is relatively large, but when 
the wall is comparatively hard and compact the tube has an appearance 
like that shown in figure 2. Oftentimes under such circumstances the wall 
may appear slightly thicker in the region of penetration as if it has under- 
gone local gelatinization. As soon as the tube has passed through the wall 
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it increases considerably in diameter, as is illustrated in figures 2 and 3. 
At this stage the nucleus and nuclear cap still lie in the spore body on the 
outside, and the cytoplasm usually appears more vacuolated. Shortly 
afterwards the nucleus migrates through the wall into the enlarged tube 
in the host cell. As is illustrated in figure 3, it appears extremely dense and 
heavily stained during this passage, and it is usually almost impossible to 
differentiate between the nucleole and nuclear cap. As to the history of the 
latter during this initial nuclear migration and the early developmental 
stages of the rhizomycelium, our knowledge at present is very fragmen- 
tary. In the majority of germinating zoospores so far observed very little 
remained behind in the external spore cases, and the suggestion becomes 
obvious that the nuclear cap passes with the nucleus into the germ tube. 
However, the fact that it is not usually evident and sharply defined in as- 
sociation with the nucleus in the incipient primary spindle organ, as is 
shown in figure 4, militates against this general assumption. It is not al- 
together improbable that it may be reserve food which is gradually used 
up in germination, although I have no concrete data in support of this 
hypothesis. If, as Debaisieux (1920) and Hatch (1935) claim, in Coelomy- 
cidium Simulit and Allomyces arbuscula it is formed by condensation and 
fusion of chondriosomes during the maturation and cleavage of the zoo- 
sporangium, it may break up into fragments and become dispersed in the 
elongating germ tube and young rhizomycelium as chondriosome anlagen. 
This again is purely hypothetical and I have so far failed to find any con- 
clusive evidence to substantiate this supposition. 

As the germ tube elongates it usually increases considerably in diame- 
ter near the tip, and a comparatively short spindle-shaped region is 
thereby formed. This is the rudiment of the initial spindle organ. The 
nucleus migrates into this region (fig. 4) and the first vegetative center of 
thallus replication is thus established. In a number of cases, however, no 
previous enlargement behind the tip of the germ tube has been found prior 
to the arrival of the nucleus. In such instances the tube merely enlarges in 
the region where the nucleus lies to form the spindle organ. As this goes on 
the elongated densely stained nucleus begins to shorten, vesiculate and 
round up, loses its intense chromaticity and assumes its characteristic 
appearance and structure. In this transformation, however, some changes 
apparently take place, because the nucleole emerges much larger in size 
than it was in the zoospore. The nucleus shown in figure 4 is considerably 
elongated and somewhat pear-shaped with the pointed end toward the old 
zoospore case, giving an appearance which suggests that it has but recently 
arrived in the incipient spindle organ. The nucleole is quite conspicuous 
and shaped like a broad flat ring lying around the inner periphery of the 
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pointed end. The chromatin is in the form of a faint reticulum and is not 
particularly clear and abundant. Such pear-shaped nuclei have often been 
encountered in young spindle organs, and from such preparations I have 
come to associate this peculiar shape with recent nuclear migration. The 
evidence for this, however, is more indirect and circumstantial than di- 
rectly conclusive, as will appear shortly. 

It is to be noted from the above description that in germination the 
center of gravity, so to speak, of growth, development, and organization 
is not retained in the spore, as in the families Synchytriaceae, Olpidiaceae, 
Woroninaceae, and some members of the Rhizidiaceae, but carried away 
to an outgrowth of it, the spindle organ. Up to this stage the thallus is 
monocentric in organization. After the first center has been established the 
thallus begins to extend rather rapidly. Rhizoids and branches begin to 
develop (fig. 4) and the spindle organ begins to increase in diameter. The 
nucleus keeps pace with its growth to a certain degree and then usually 
undergoes division as is shown in figure 5. This is followed very shortly 
by cell division, and the spindle organ becomes two-celled (fig. 6). One of 
the nuclei generally remains behind, while the other migrates out into the 
tenuous portion of the rhizomycelium and establishes a second center for 
growth and organization. In a few instances, however, both nuclei have 
been observed to travel on before cell division occurred, leaving the pri- 
mary spindle organ empty. 

Successive stages in the migration of the second nucleus from the initial 
spindle organ into the filamentous part of the thallus are shown in figures 
6 to 11. The organ illustrated in figure 6 has undergone cytokinesis and is 
quite large. The lower nucleus has begun to enter the filament and is 
drawn to a sharp point at the apex. This portion is as densely stained as 
the nucleole, which can be clearly distinguished at one side of the nucleus 
as a somewhat hemispherical body. The cytoplasm toward the median wall 
has become more vacuolated. A slightly later stage perhaps is shown in 
figure 7. The apex of the nucleus lies in the filament and is drawn out into 
a dense pointed rod, while the nucleole and the remainder of the nucleus 
still lie in the spindle organ. The greater portion of the cytoplasm has also 
migrated with the nucleus and appears quite dense around it. Usually at 
this stage, the cytoplasm in the immediate vicinity of the nucleus is filled 
with round, irregular and angular, deeply stained bodies, which frequently 
tend to obscure the nuclear membrane. Figure 8 shows a nucleus in transit. 
It appears like a densely stained rod, slightly pointed at the apex and al- 
most completely filling the filament. Quite often a break appears in it, as 
is shown so well in figure 8, which I have interpreted as a line of separation 
between the nucleole and the remainder of the nucleus. The nuclei shown 
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in figures 8 and 9 are rather short and thick, but it is not uncommon to 
find them more filamentous and drawn out. Figure 9 shows a nucleus about 
to enter the incipient secondary spindle organ, while in figure 10 is shown a 
full-grown organ of the same type in which the nucleus has become vesic- 
ular again and attained mature proportions. The nucleus in this latter 
figure is, none the less, still quite pointed at one end and markedly pear- 
shaped. From its pointed end a granular cytoplasmic strand runs through 
the organ into the filament. Such strands have frequently been observed, 
but their significance and functions are still obscure. They may possibly 
represent a line of flow or path along which the nucleus traveled, as Gilbert 
(1935) has suggested and illustrated in Ceratiomyxa. However, in a few 
spindle organs I have observed pear-shaped nuclei lying at right angles 
rather than parallel to the long axis, as in figure 10. The nucleole in this 
figure is again in the shape of a broad flat ring near the pointed end, while 
the chromatin reticulum is quite conspicuous and dense. 

In figure 12 is shown a two-celled primary and an incipient unicellular 
secondary spindle organ together with some of the more filamentous por- 
tion of the rhizomycelium. One of the nuclei has migrated from the pri- 
mary to the secondary spindle organ, while the other has remained behind 
and been blocked off by a cell wall. It is to be noted in this figure that the 
thallus has branched repeatedly and formed a number of rhizoids. The lat- 
ter filaments are generally developed in abundance and are doubtless the 
chief organs of absorption. Structurally, they may often be of the same 
diameter and appearance as the main branch or axis, but very shortly run 
out to a fine filament and eventually end. Figure 11 also brings out sharply 
the wide variation in diameter and contour of the main axis and its 
branches. When first described by the author in 1931 from cells of Erio- 
caulon septangulare the filamentous portion of the rhizomycelium was 
reported to be very finely drawn out, and in the same year Sparrow de- 
scribed it (C. Nowakowskii) in several algae as ‘“‘exceedingly tenuous, 
never attaining a diameter of more than 1.5 w.”’ However, when grown 
under the conditions used in this study the tenuous filaments may vary 
from 1.5 to 6 wu and sometimes become almost vesicular in certain regions, 
as is well illustrated in figure 12. Furthermore, the thallus spreads and 
proliferates so profusely that the host tissue may become filled with a 
meshwork of branches, rhizoids, spindle organs, zoosporangia, and resting 
spores. This is especially true in boiled internodes of Nitella flexilis, where 
the number of globular zoosporangia alone may run into thousands within 
a single cell. 

The cytoplasm in the main axis, its branches and the rhizoids is usually 
quite vacuolated and contains a few scattered, densely stained fragments, 
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bodies, or granules of varying sizes and shapes. These stain rather intensely 
in all of the basic stains, and so far have shown no specific affinity for 
chondriosomal dyes. In the young spindle organs the cytoplasm is gener- 
ally more dense, and the number of granules much greater. The latter are 
usually aggregated around the nucleus, suggesting perhaps a nuclear ori- 
gin. Their appearance, size, and distribution will be discussed more in 
detail under the consideration of nuclear division. As the spindle organ 
matures and one or both nuclei migrate out, as has been noted above, the 
cytoplasm becomes more and more vacuolated and sparse and may often 
be reduced to a thin primordial utricle surrounding a central vacuole. 
Following the stage illustrated in figure 12 the nucleus in the secondary 
spindle organ divides and one, and occasionally both, daughter nuclei 
migrate out into tertiary and quaternary spindle organs, and successively 
new centers of organization, growth, and development are thus estab- 
lished. In this fashion the thallus is continually reduplicated as it spreads 
in the host tissue. With the view of presenting more graphically the or- 
ganization, type of development, and profuseness of the rhizomycelium of 
C. replicatum, I have drawn in plate 6 a portion of a thallus as it occurred 
in an internode of Nitella flexilis. This drawing is accurate as far as the 
general appearance, distribution, structure, and maturity of the thallus 
are concerned, but reconstructed with respect to the cytological details of 
nuclear migration, division, cleavage in the zoosporangia, etc. As will be- 
come apparent later, these details were added and the whole interior 
reconstructed from stages observed in other fixed and stained preparations 
in order to summarize more objectively in diagrammatic form the proc- 
esses of nuclear and cell division and their relation to growth and develop- 
ment. The profuseness and variability in diameter of the rhizomycelium 
with its zoosporangia, spindle organs and resting spores are in no sense 
exaggerated in this figure. In fact many thalli have been found in inter- 
nodes of N. flexilis which have been even more profuse and extended. 
A careful analysis of this figure will emphasize the structural charac- 
teristics and organization of the thallus of C. replicatum. In the first place 
it is polycentric and continually replicated, and in this respect it is like the 
mycelium or thallus of the higher fungi. Spindle organs may follow spindle 
organs or alternate with tenuous filaments, zoosporangia, and, at maturity, 
with resting spores; and except for the rhizoids, the type of development 
is distinctly homeotic. In the early stages of growth the thallus is essen- 
tially trophocentric with the spindle organs as the vegetative centers of 
replication, but with the development of zoosporangia and resting spores 
at maturity it becomes more and more reproducto- or genocentric, as has 
been described in a previous paper (1932). 
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The second outstanding characteristic, and perhaps the most signifi- 
cant in comparison with the mycelium of the higher fungi, shown in plate 
6 is that the nuclei are not regularly distributed along the length of the 
thallus, but are localized and confined to the spindle organs, zoosporangia, 
and resting spores. Nuclei may occasionally be seen in the filamentous 
portion of the rhizomycelium, but only in transit. As has been described 
above, they are migrating to new centers. This characteristic is of funda- 
mental significance, it seems to me, from the standpoint of development 
and organization. In the thallus of the higher fungi the nuclei are dis- 
tributed more or less regularly along the length of the mycelium, according 
to the figures in the literature, while in C. replicatum they are localized; 
and it is doubtless by virtue of this localization that the spindle organs 
become the vegetative centers of replication. 

The rhizomycelium of this chytrid is, on the other hand, strikingly dif- 
ferent from the thallus in the Synchytriaceae, Olpidiaceae, Woroninaceae, 
and Rhizidiaceae also. As has been previously described, the thalli of these 
four families are monocentric in contrast to the polycentricity of the 
Cladochytriaceae. This difference in structure and organization seems at 
present to be fundamentally and directly correlated with the extent of 
distribution of the nuclei in the thallus. In the first three families the entire 
thallus at maturity is holocarpic or transformed into zoospores, gametes or 
resting sporangia, while in the Rhizidiaceae there is considerable differen- 
tiation into vegetative and fertile portions. The vegetative parts may be 
|'mited to a simple unbranched absorbing organ as in species of Phlyctid- 
tum or greatly extended into a rhizoidal system as in Diplo phlyctis ; never- 
theless, only a single zoosporangium, resting spore or center of organization 
is developed. This may be due to the fact that the nuclei remain in this 
center and never migrate out into the rhizoids, according to the figures in 
the literature. While the number of illustrations bearing directly on this 
point are limited (Lowenthal, 1905; Serbinow, 1907; Némec, 1912; Wager, 
1913; Couch, 1935; Hovasse, 1936), they nevertheless show the nuclei as 
being confined to the reproductive portion of the thallus and never mi- 
grating into vegetative parts. In species of Entophlyctis and Diplophlyctis 
(Karling, 1930, 1931a) where the rhizoids may be as much as 6yn in diame- 
ter at their point of origin and extend over a radius of 700u the author has 
never found nuclei except in the sporangia or resting spores. Monocen- 
tricity in organization appears to be thus directly correlated with localiza- 
tion in nuclear distribution. This is naturally to be expected since the 
nucleus is without doubt the dominating sphere of influence in metab- 
olism, reproduction and organization. 

In the family Cladochytriaceae on the other hand, as has been shown 
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by Tisdale, Jones and Dreschler, Bartlett and myself, the nuclei migrate 
out into the tenuous filaments, and where they come to rest new and suc- 
cessive centers of organization are formed. The thallus is thus continually 
replicated and becomes polycentric. The nuclei are nevertheless localized 
and confined to the turbinate and spindle organs during the strictly vegeta- 
tive stage, and by virtue of this fact such structures become the centers of 
duplication. In Physoderma Zeae-maydis, Ph. Menyanthis (Sparrow, 1934), 
Ph. maculare and Ph. pulposa, however, evanescent monocentric rhizidia- 
ceous zoosporangia are occasionally formed as in the family Rhizidiaceae, 
but unfortunately no cytological work has been done on such structures 
to show the distribution of the nuclei. In Catenaria sp., which the author 
is now studying cytologically, such monocentric thalli are frequently 
formed, and in all cases so far observed the nuclei are confined to the zoo- 
sporangia alone. In other cases where the successively divided nuclei mi- 
grate out into the filaments additional sporangia develop, and very 
shortly the thallus becomes polycentric. In this form it is thus possible to 
note the transition from monocentric to polycentric thalli and its relation 
to nuclear distribution. 

Thus as far as our knowledge of the chytrids extends at the present 
time, the rhizomycelium of C. replicatum stands midway in organization 
between the mycelium of the higher fungi and the thallus of the Rhizi- 
diaceae. On one hand it possesses rhizoids like species of the latter family, 
and on the other it is polycentric and continually replicated like a true 
mycelium. These similarities together with the fundamental differences 
noted above are justifications, in my opinion, for designating the thallus 
of this chytrid and most known members of the family Cladochytriaceae 
as a rhizomycelium. Quite recently, however, Bessey (1935, pp. 45-46) has 
given the impression that the term is to be applied only to the enucleate 
filamentous portion, but such a limitation is incorrect and does not con- 
form to the author’s original and present intention. The term applies to the 
thallus as a whole and includes the spindle organs, zoosporangia, resting 
spores, and rhizoids as well as the more tenuous part. 

While the rhizomycelium appears at the present time to occupy a posi- 
tion more or less midway between the rhizoidal system and a true myce- 
lium as far as structure, method of development and organization are 
concerned, there is no good evidence to indicate that it represents an 
evolutionary transitional type of thallus. It is to be particularly noted in 
this connection that Physoderma and Catenaria sometimes form evanescent 
monocentric thalli with rhizoids as in the family Rhizidiaceae, and the 
suggestion immediately arises that this is the more primitive type of de- 
velopment which is occasionally recapitulated in the life cycles of typically 
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rhizomycelioid species; and, furthermore, that the Cladochytriaceae have 
probably evolved from this family through the migration of the nuclei into 
the filamentous rhizoids and the acquisition of a polycentric mode of de- 
velopment. This conception, however, is purely hypothetical, and there 
are no concrete data to support it. As used in this and my previous papers 
the term rhizomycelium carries no phylogenetic connotation, and is pri- 
marily employed to emphasize some of the fundamental differences in 
structure and organization that exist among the various chytrids. Many 
mycologists make no distinction between the round protoplasts or plasmo- 
dium-like thalli of the Olpidiaceae, Woroninaceae and Synchytriaceae, the 
rhizoids of the Rhizidiaceae and the mycelium of the higher fungi, and 
designate them all by the latter term. Schwartz and Cook (1929), for 
example, speak of the oval thallus of Olpzdiwm radicale as ‘‘a definite myce- 
lium .... from which sex organs are formed.... ,” while Fitzpatrick 
(1930) describes the rhizoids of the Rhizidiaceae as a mycelium regardless 
of whether they are minute, single, absorbing, or anchoring pegs as in 
Phlyctidium brevipes or greatly branched systems as in Diplophlyctis. Such 
broad and general use of terms, it seems to me, robs them of their signifi- 
cance. In the Chytridiales striking differences in structure, development, 
and organization do exist, and wherever possible they should be clearly © 
recognized and properly designated. 

Cladochytrium replicatum is primarily a saprophyte and does not de- 
velop in normal, healthy growing cells as far as my observations go. Con- 
sequently it is impossible to determine its effect on the nucleus and 
cytoplasm of the host cells. It is obvious from the methods employed 
during this study in preparing the host tissues for inoculation and infection 
that the cellular content is dead, badly distorted and frequently quite 
macerated in appearance. Thus the most conspicuous changes which ap- 
pear in infected cells are not due to the presence of the fungus. Sparrow 
(1931) reports that C. replicatum (C. Nowakowskii) is a virulent parasite 
of Spirogyra, but I have so far failed to find it as such. In fact, as has been 
shown in a previous paper by the author (1935), it is very widely dis- 
tributed and ubiquitous in nature and may infect the dead fleshy tissues 
of almost any plant. 


NUCLEAR AND CELL DIVISION IN THE SPINDLE ORGANS 


The nucleus of C. replicatum is quite large, well defined and shows defi- 
nite structural characteristics as is shown in figure 13. Except when in 
transit it is usually spherical, oval, or somewhat citriform. Its most con- 
spicuous element is a large nucleole which generally lies at one side near 
the nuclear membrane and stains intensely dark in the ordinary basic dyes. 
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The nucleole varies considerably in size and shape from a broad round 
band around the inner periphery of the nucleus (figs. 12, 15 16) to a more 
or less flattened spherical disk (figs. 17, 18, 22, 27, 32) or an oval body as 
in figures 13, 21, and 24. In the majority of nuclei studied it appears homo- 
geneous throughout and even in contour, but occasionally it may be 
irregular, variable in density, and seemingly composed of a number of 
granules, as is suggested in figure 20. Whether or not in such exceptional 
cases this appearance is correlated with prophase nuclear changes has not 
been determined, but it seems unlikely. In preparations which have been 
poorly fixed and stained, the nucleole appears to lie in a conspicuous cen- 
tral vacuole, and is often the only visible structure in the nucleus, but such 
appearances are largely due to artifact. 

In addition to the nucleole a definite chromatin reticulum or network 
is usually clearly visible in the resting nucleus, as is well illustrated in 
figures 13 to 16. In median sections of the nucleus, the reticulum appears 
denser and more abundant at the nuclear membrane, and in exceptional 
cases may leave the center almost devoid of chromatin (fig. 13). It is 
usually quite irregular in appearance, and seems to be made up of chroma- 
tin granules, net knots, and irregular bodies distributed on a linin frame- 
work. In good triple-stained preparations it stains deeply blue or violet in 
contrast to the ruby red nucleole, which thus suggests a fundamental dif- 
ference in composition from the latter. The presence of this well defined 
chromatin reticulum in the resting nucleus militates against the general 
assumption and contention that the nucleole in the Chytridiales is the 
storehouse of chromatin and ultimate source of the chromosomes. 

Quite often in the spindle organs and particularly in the young zoo- 
sporangia and resting spores the cytoplasm surrounding the nuclear mem- 
brane is filled with densely stained globules and granules of various sizes 
and shapes as is shown in figures 14 to 20; and it is not uncommon to find 
them in such abundance that the membrane is almost completely obscured 
and indistinguishable. In such cases the nucleus usually stands out in 
sharp contrast as a comparatively clear oval or circular region with the 
deeply stained nucleole at one side (fig. 33). These granules may be round, 
angular, or elongated and extremely variable in size. Figures 17, 18, and 26 
show them as quite large, while in figure 24 they are of more or less uni- 
form size and evenly distributed. In some spindle organs they may be 
lacking entirely, as is shown in figures 29, 32, 34, 35, and 36. It is primarily 
because of these granules that it is so difficult to determine with certainty 
the presence and structure of centrosomes and astral rays. Such granules 
are very common in the cells of the chytrids, and to date have been de- 
scribed in Synchytrium (Stevens and Stevens, 1903; Kusano, 1907; Perci- 








16 MEMOIRS OF THE TORREY BOTANICAL CLUB 


val, 1910; Curtis, 1921; Kohler, 1923; Quintanilha, 1926), Olpidium 
(Kusano, 1912; Schwartz and Cook, 1928), Polyphagus (Wager, 1913; 
Dangeard, 1900), Olpidiopsis (Barrett, 1912), and Urophlyctis (Fron and 
Lasnier, 1920; Jones and Dreschler, 1920; Bartlett, 1926). Their source and 
manner of origin are not clearly known, but the majority of students of 
Synchytrium, Olpidium, and Polyphagus describe them as originating from 
the nucleole and being extruded from the nucleus preparatory to and 
during division. In the resting spores of Polyphagus Euglenae Wager (1913) 
regards them as chromidia or tropho-chromatin which represent the vege- 
tative element in the nucleus, while in the zoospores and young thalli they 
are concerned with the elaboration of oil. Griggs (1909), Percival, Bally, 
Curtis, and others, on the other hand, claim that they enlarge in the cyto- 
plasm and become the secondary nuclei and primordia of the zoospores. 
Kusano regards them as reserve food substance which is absorbed in the 
growth of the resting spore. Whether in C. replicatum they are chromidia 
extruded from the nucleus during division or chondriosomes aggregated 
around the nuclear membrane has not been determined with certainty. In 
material killed in ordinary non-chondriosomal fixatives containing acetic 
acid and stained in haematoxylin and Flemming’s triple stain they show a 
marked affinity for basic dyes and have much the same staining capacity 
as the nucleole. The same is true when Feulgen’s nuclear stain is employed, 
which supports perhaps the contention that they are of nucleolar origin. 
However, no marked and characteristic correlative change in the nucleole 
during the prophases of division such as Kusano, Stevens (1907), Bally, 
Percival, Curtis, and others have described for Synchytrium, have been 
observed in C. replicatum. In the former genus the nucleole is described 
and figured as periodically extruding globules of chromatin which first ac- 
cumulate on its periphery and then migrate out into the cytoplasm. As a 
result the nucleole becomes periodically vacuolated and less basophilic. 
In chondriosomal fixatives and stains these granules in our species do not 
appear as sharp, well defined, and specific as chondriosomes. Minute 
mitochondria may be found in C. replicatum, but the larger bodies seem 
to be distinct from them. 

The changes which occur in the nuclear reticulum during the early 
prophases of division are not very clear and are difficult to interpret cor- 
rectly. The nucleus increases perceptibly in size, while the chromatin 
bodies become larger, more basophilic and less highly dispersed. Quite fre- 
quently the whole reticulum is more or less withdrawn from the nuclear 
membrane into a dense and somewhat crescentic or half-moon-shaped 
network, which appears oriented to some degree on the nucleole as is shown 
in figures 17 and 18. Such nuclei are strikingly similar in many respects to 
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those of Synchytrium and Polyphagus as they have been figured by Gutten- 
berg (1909), Percival (1910), Bally (1911), Tobler (1913), and Wager 
(1913). Whether this appearance is largely an artifact of fixation in C. 
replicatum or a normal early prophase stage is not altogether certain. In 
poorly fixed and heavily stained material the chromatin network or re- 
ticulum may be highly shrunken and appear as a more or less solid cres- 
centic mass as in figure 17. The degree of aggregation and density varies 
considerably with the quality of fixation, and it is thus possible to make 
up a series of stages from that shown in figure 17 to the more normal 
appearance illustrated in figure 20. Such a series, however, does not seem 
to constitute a progressive succession of prophase stages, and for this 
reason I am inclined to regard the contraction as largely an artifact. On 
the other hand, the orientation of the network on and to some degree 
around the nucleole is quite common and pronounced during the pro- 
phases in the best of preparations and thus seems to be a more normal 
characteristic. In all such cases the nucleole is separated from the chro- 
matin meshwork by a clear space, which may vary considerably in extent 
with the quality of fixation. 

A network of this type appears to be quite common in Synchyirium, 
Polyphagus, and Olpidium. In S. endobtoticum, S. Anemones, S. Puerariae, 
S. fulgens, S. anomalum, and Olipidium radicale, Guttenberg, Percival, 
Tobler, Schwartz and Cook (1928), and Kusano (1930) figure the retic- 
ulum as a crescentic and amoeboid body with pseudopod-like extensions 
connecting it with the nuclear membrane and cytoplasm. Wager (1913, 
fig. 60) likewise figures it as such in the female gamete. nucleus of P. 
Euglenae. They describe it as a condensed network with basophilic chro- 
matic particles lying within its meshes, but do not regard the shape and 
orientation as essentially characteristic of the prophases. In figure 20 is 
shown what I consider a fairly early prophase stage in C. replicatum, 
which shows a minimum of contraction from the nuclear membrane. The 
chromatin granules, angular fragments or bodies, are somewhat larger and 
denser than in resting nuclei, while the nucleole is rather irregular in out- 
line and denser in certain regions. A somewhat later stage is shown in 
the nucleus on the left of figure 21. This figure shows a binucleate incipient 
zoosporangium, but it is interpolated here because both of its nuclei are 
in early prophase stages of division. The nucleus on the left side contains 
a number of elongated chromatin strands which doubtless represent an 
early stage in the development of the spireme. The nucleole is compara- 
tively small, but whether this diminution in size is to be taken as an index 
that the nucleole has given up chromatin to the spireme is highly uncer- 
tain. Quite commonly in more advanced stages after the chromosomes 
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have been fully formed there appears to have been no reduction in size 
and staining capacity of the nucleole. 

As has been noted before, the majority of cytologists dealing with 
Chytridiales maintain that the chromatin of the resting nucleus is con- 
tained in the large densely basophilic nucleole and extruded into the fine 
network or nuclear cavity as the prophase. stages progress. In Polyphagus 
Euglenae, Synchytrium endobioticum, S. Taraxaci, S. Puerariae, S. fulgens, 
Olipidium radicale, etc., Wager, Dangeard, Kusano (1907, 1930), Bally, 
Curtis, Schwartz and Cook, and others describe the chromosomes as being 
largely derived from the karyosome. In S. endobioticum, according to Miss 
Curtis, the linin strands are attached to the surface of the nucleole, and 
during the growth of the prosorus three distinct discharges of chromatin 
from the nucleolus occur. These chromatin globules travel along the 
strands, and are eventually discharged into the cytoplasm. The prophases 
of division begin with the third discharge, and Miss Curtis believes that 
the chromosomes are formed directly from chromatin buds extruded from 
the nucleole. Kusano found essentially the same type of nucleolar extru- 
sion in S. fulgens, but describes the chromosomes as being formed from 
the nucleolar substance present in the reticulum. In P. Euglenae Wager 
does not show the origin of the chromosomes. Little or no evidence of 
nucleolar extrusion and the formation of the chromosomes from such 
material has been found in C. replicatum, and I am strongly of the opinion 
that the nucleole contributes very little if any directly to the chromo- 
somes. The evidence at hand indicates that they arise from the chro- 
matin reticulum entirely. No nucleolar discharges such as those de- 
scribed for Synchytrium have been observed, and in the majority of suc- 
cessive prophase stages studied the nucleole has undergone but little 
change in size and shape. 

The nucleus on the right side of figure 21 shows the spireme fully 
formed. The three strands lying in the plane of focus are definitely oriented 
on the nucleole and show a zigzag or spiral structure. In their orientation 
they are strikingly similar to the prophase strands in S. endobioticum as 
they have been figured by Miss Curtis. So far no evidence of longitudinal 
splitting or doubling has been observed in my material, and it is not yet 
clear where this process occurs. In figure 21 is also shown the best evidence 
I have so far found for the presence of centrosomes and astral rays. Deeply 
staining granules at the poles of the nucleus are not uncommon, but it is 
usually impossible to differentiate them from the others present or to see 
any evidence of cytoplasmic radiation in connection with them. In figure 
21, however, are shown granules on the membrane of each nucleus with 
lines radiating from them. On the left-hand nucleus five beaded radiating 
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strands are present, while on the one to the right only two are visible. 
Whether or not these granules and cytoplasmic strands are centrosomes 
and astral rays I am at present uncertain. They are strikingly similar to 
such structures, but in view of the fact that I have found them so seldom 
and that they seem to play no visible part in the formation of the spindle 
and the division of the nucleus and chromosomes I am somewhat doubtful 
at present as to the presence of centrosomes in C. replicatum. Among the 
Chytridiales which have been studied cytologically centrosomes have been 
found only in Synchytrium amd Rhizophidium. Neither Kusano, Wager, 
Barrett, Nemec, nor Schwartz and Cook found them in Olpidium, Olpi- 
diopsis, and Polyphagus. In various species of Synchytrium, however, ac- 
cording to Stevens (1907), Griggs, and Kusano, centrosomes and enlarged 
asters appear in the cytoplasm during the telophasic reconstruction of the 
daughter nuclei, but never during the prophases, metaphases, and ana- 
phases. Quite often they may appear spontaneously in the cytoplasm 
quite apart from the daughter groups of chromosomes. In S. Puerariae and 
S. fulgens Kusano describes the astral rays as bending around the chromo- 
some groups and fusing to form the daughter nuclear membranes. In view 
of their activity in this respect he called these structures karyodermato- 
plasts. In Rhizophidium Beauchampi Hovasse (1936) figures centrosomes 
lying at the poles of the nucleus but inside of the nuclear membrane. No 
astral radiations in the cytoplasm occur in connection with these bodies. 

In figure 22 is shown a later prophase stage in which the spireme 
strands have apparently contracted and are shortening to form the chro- 
mosomes. The whole mass is, nevertheless, oriented to some degree on the 
large disk-shaped nucleole. The nucleus is somewhat lemon-shaped, and 
at one pole lie two large granules, but they are hardly, it seems to me, to 
be regarded as centrosomes. A slightly later stage is showa in figure 23. 
The nucleus appears to be at its maximum diameter, and the nuclecie in 
the shape of a flat ring lies at one side. In the center of the nucleus and 
apparently imbedded in a light staining karyoplasm lie three elongated and 
three short discrete bodies which are doubtless the chromosomes. The tip 
of the longest one lies over the nucleole. While only six bodies are shown in 
this nucleus I am not certain that this is the correct number of chromo- 
somes for the species. They are usually so small and closely crowded that 
it is almost impossible to arrive at a definite number. Figure 24 shows 
eight bodies, while in figures 28 and 29 are shown six and seven, respec- 
tively. I am thus inclined at present to put the number of chromosomes in 
C. replicatum between six and nine. The correct number will doubtless be 
very small and close to those of other chytrids in which the chromosomes 
have been counted. As far as I am aware, this has been done for only four 
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genera and seven species, including C. replicatum. For the sake of com- 
parison I am presenting these data here in tabular form. 


Author Species Chromosome 
number 

n 2n 
Stevens and Stevens (1903) Synchytrium decipiens 4(?) — 
Griggs (1908) Synchytrium decipiens 4 — 
Griggs (1909) Synchytrium decipiens 4 — 
Kusano (1907) Synchytrium Puerariae 5 — 
Kusano (1909) Synchyirium Puerariae 5 — 
Kusano (1930) Synchytrium fulgens 5 10 
Curtis (1921) Synchytrium endobtoticum 5 — 
Barrett (1912) Olpidiopsis vexans 6 — 
Wager (1913) Polyphagus Euglenae 10-12 — 


I have so far been unable to determine the origin of the division spindle. 
No evidence of polar caps or radial kinoplasm has been found; nor have I 
seen any entering cones or bundles of fibers in connection with centrosomes 
such as Harper (1897, 1905) has described in Erysiphe and Phyllactinia. 
The source and manner of origin of the spindle in the other chytrids which 
have been studied cytologically are likewise obscure and little understood. 
In Synchytrium decipiens Stevens and Stevens describe the linin as aggre- 
gating near the center of the nucleus, and from which the threads gradually 
assume the form of a spindle. Kusano (1907, 1909, 1930) is uncertain as to 
its origin in S. Puerariae, but states that it is formed in the center of the 
achromatic striations. Bally likewise describes it as being formed from the 
linin in S. endobioticum. Curtis, on the other hand, as has been noted 
above, figures and describes fine linin threads attached to the nucleole in 
the resting nuclei and prophase stages of S. endobioticum, which later on 
converge at the two ends and thus form the spindle. The number of linin 
threads is the same as that of the chromosomes, and in most of her figures 
they look like irregular spireme bands or strands. Her illustrations as to 
the origin of the spindle are not at all convincing, and I am inclined to 
agree with Kusano (1930) that her five so-called linin threads are actually 
fine elongated spireme strands or chromosomes oriented on the nucleole. 
In Polyphagus Euglenae Wager failed to observe the origin of the spindle, 
while in Olpidiopsis vexans Barrett claims that ‘‘the chromosomes become 
massed together into a large, deeply staining body from which the tips of 
the spindle appear to emerge.’”’ The best evidence which I have supporting 
the linin origin of the spindle is illustrated in figure 24. The chromosomes 
lie more or less in the center of the nucleus, and extending out from them 
are faint, irregular granular lines, which perhaps constitute the residual 
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linin. However, I have not observed any further development stages that 
show the transformation and rearrangement of these lines into the spindle. 
It is thus quite obvious from this figure and the above description as well 
as from the survey of the literature that the problem of the source and 
manner of origin of the spindle in the Chytridiales is still quite obscure. 
However, there can be no doubt that in the majority of species it is 
entirely intranuclear until the late anaphases. The only exceptions to this 
rule occur in the zoosporangia of Olpidium Brassicae (Némec, 1912), 
O. radicale (Schwartz and Cook, 1928), and Cystochytrium radicale (Cook, 
1932), and in the resting spores of O. Viciae (Kusano, 1912). 

In figure 25 is shown the primary nucleus of a zoosporangium in the 
late prophases. The intranuclear spindle is completely formed, and the 
indistinct chromosomes are apparently being drawn into the equator. The 
nuclear membrane is well defined and clear, and the spindle fills approxi- 
mately a half of the nuclear cavity. It is comparatively narrow and 
distinctly spindle-shaped, and its poles are centered on two somewhat 
disk-shaped bodies lying on the nuclear membrane. From these bodies 
radiate faint and irregular lines which suggest the presence of astral rays, 
but here again the evidence is not particularly convincing. Figure 26 shows 
an equatorial plate stage. In this spindle organ the nucleus has doubtless 
been distorted during fixation and sectioning, so that the membrane ap- 
pears abnormal. The division spindle is quite broad in the equatorial region 
and then tapers rather quickly to the poles, which are again centered on 
two deeply stained granules. The chromosomes are so closely crowded that 
they form almost a continuous irregular band across the equator. As a 
general rule the nucleus becomes somewhat elongated and oval in shape 
during the late prophases, metaphases, and anaphases as is illustrated in 
figures 25, 31, 33, and 34, but round nuclei may occasionally be found 
(figs. 23, 27, 32). In figure 27 the spindle is quite broad and tapers only 
slightly toward the poles. This figure illustrates very well the arrangement 
of the chromosomes in a circular band around the outer periphery of the 
spindle. The nucleole at this stage usually lies at the side of the nucleus 
and is distinctly crescentic when viewed from the side. In many nuclei it 
may appear to push the nuclear membrane out or distend it, and in some 
preparations such as are shown in figures 27, 30, and 32 it may even seem 
to lie on the outside. This is doubtless an optical illusion, since it is very 
difficult to distinguish the membrane in that particular region. It is to 
be particularly noted that the nucleole is still quite large and densely 
basophilic. 

A polar view of the equatorial plate stage is shown in figure 28. Six 
distinct bodies lie in a flat loop in the center of the nucleus, while the more 
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or less cup-shaped nucleole occupies the side. Occasionally one pole of the 
spindle may be centered on the nucleole as is shown in figure 29. The divi- 
sion figure in this cell has doubtless been displaced by the microtome knife 
in sectioning, which accounts for its unorthodox appearance. This figure 
shows a 2-celled spindle organ in which one nucleus has migrated to other 
parts of the thallus, while the remaining one is dividing. So far the actual 
separation of the individual chromosomes has not been observed, but in 
figure 30 is shown a very early anaphase stage. The two daughter groups 
of chromosomes are rather compact and have begun to draw apart, so that 
a clear space is visible between them. At the upper pole of the spindle lies 
a flat curved body which stains heavily. The nucleole is very conspicuous, 
basophilic, and somewhat pyramidal in shape. In over-stained prepara- 
tions the chromosome groups may look like two irregular but optically 
homogeneous bands across the spindle as is shown in figure 31, and it is 
then impossible to differentiate the limits of the individual chromosomes. 
This figure is particularly noteworthy in that it suggests that the chromo- 
somes separate firstin the middle and then progressively towards the periph- 
ery. As a result the two groups form a somewhat flat loop with the two 
ends pulling apart. Figure 32 shows the clearest and best defined case of 
early anaphase so far seen. The nucleus is quite large and round, while the 
achromatic spindle is comparatively narrow. The two groups of chromo- 
somes are quite conspicuous, but the individual bodies are still so close to- 
gether that they form irregular bands. The nuclear membrane is bulged 
out in the vicinity of the nucleole, and the ends of the latter appear some- 
what stretched or drawn out in the direction of the two poles. A later 
anaphase stage is illustrated in figure 33, in which the individual chromo- 
somes are fairly distinct. Between the two groups run faint central spindle 
fibers, while the mantle fibers taper quickly at the poles. This nucleus is 
surrounded by such a dense mass of granules that its membrane is hardly 
distinguishable, and as a consequence the nuclear region stands out in con- 
trast as a comparatively clear oval space with the division figure clearly 
defined and sharp. In figure 34 the chromosome groups have reached the 
poles of the spindle and form two more or less flattened crescentic bands 
which conform to the boundary of the nucleus at those points. The spindle 
is quite barrel-shaped in this figure and fills most of the nuclear cavity, 
which is rather exceptional. This preparation was considerably over- 
stained, which doubtless accounts largely for the density and optical homo- 
geneity of the two chromosome groups. Occasionally in division figures 
like this there is slight resemblance to some of the so-called promitotic 
stages which have been described for the Plasmodiophorales, particularly 
when looking directly down upon the nucleole. This is doubtless due, how- 
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ever, to poor fixation and overstaining, and so far no evidence has been 
found as far as the method of nuclear division is concerned that would 
indicate a possible relationship between this polycentric chytrid and the 
so-called parasitic slime molds. 

Following the arrival of the chromosomes at the poles, the spindle be- 
gins to elongate rapidly, and as a result it apparently pushes through the 
nuclear membrane in these two regions. I have never actually observed 
this occurrence in C. replicatum, but indirect evidence supports this con- 
clusion. The nuclear membrane disappears first at the poles, while in the 
equatorial region it may persist for some time. In Polyphagus Euglenae, 
according to Wager (1913), the spindle elongates tremendously and pushes 
through at the poles, while the rest of the nuclear membrane remains intact 
and becomes compressed like a flattened drum. The same kind of elonga- 
tion of the spindle has been described for Synchytrium by various workers. 
Figure 35 shows the elongated straight spindle with a remnant of the nu- 
clear membrane on the right side. The chromosome groups are quite com- 
pact but not optically homogeneous. The nucleole is here seen in surface 
view and appears quite large, oval, and densely basophilic. With the 
breakdown of the nuclear membrane it is liberated into the cytoplasm and 
persists for a long time. A later anaphase stage is shown in figure 36. The 
central portion of the cell formerly occupied by the nucleus is compara- 
tively clear, although it has elongated and is being encroached upon by the 
more dense cytoplasm. No evidence of the nuclear membrane is visible, 
and the large nucleole lies clear and distinct in the cytoplasm. The spindle 
is even more elongated and narrow, and consists of but a few fibers con- 
necting the daughter chromosome groups. Furthermore, it is slightly 
curved and strikingly similar to the spindles in Olpidiopsis vexans, the 
rusts, and other fungi, as figured by Barrett, Blackman (1904), Colley 
(1918), Dodge and Gaiser (1926), and others. Similarly marked polar 
radiations in the cytoplasm occur around the groups of chromosomes. 
Wager (1913) has described and figured such radiations in P. Euglneae 
likewise. A somewhat exceptional case is shown in figure 38. The spindle is 
still rather broad and well developed, while the nucleole which lies on its 
periphery is greatly extended and drawn out at the edges. No evidence of 
the nuclear membrane is visible, and the chromosomes are aggregated into 
compact optically homogeneous oval bodies. They lie at the bottom re- 
spectively of two clear spaces which seem to be partly delimited by thin 
cytoplasmic membranes or borders. There is thus here a faint suggestion 
of an early stage in nuclear membrane formation, and for this reason I am 
inclined to regard this stage as more advanced than the one shown in figure 
37, although the spindle is still quite broad. 
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As to the manner of reorganization of the chromosome groups and the 
formation of the daughter nuclei there are but few concrete data in the 
literature and much less agreement of opinion. In Synchytrium Puerariae 
and S. fulgens, Kusano describes the chromosome masses as being trans- 
formed into a nucleole and then becoming surrounded by a clear space. 
The astral rays then fold over and fuse and thus progressively build the 
nuclear membrane around this cavity. Stevens and Griggs’ figures on S. 
decipiens support Kusano as to the presence of centrosomes and astral rays 
during the telophases, but Bally and Curtis failed to find such structures 
in the cytoplasm of S. endobicticum and S. Taraxaci. In the latter species 
Bally reports that the chromosomes unite to form the nucleole, which then 
becomes surrounded by a clear space and eventually a nuclear membrane. 
The spindle, however, persists as a fine filament connecting the daughter 
nuclei long after they have been reconstituted. The so-called nucleole then 
begins to divide into secondary ones, and very shortly the reticulum ap- 
pears. Miss Curtis’ account for S. endobioticum is essentially the same as 
Bally’s. Barrett and Wager contribute nothing to our knowledge of this 
reorganization from their study of nuclear division in Olpidiopsis and 
Polyphagus. As has been noted above I have been unable to add anything 
of marked significance from my study of C. replicatum. The chromosome 
groups become united into a compact body as is shown in figures 37 to 39, 
and above and below each group respectively develop clear areas which 
eventually appear to become surrounded by a membrane. The clear areas 
and membrane seem to develop and progress gradually from the chromo- 
some masses onward as is shown in figure 37, which suggests at least that 
they may be directly concerned with the formation of the nuclear mem- 
brane. Figure 38 shows the two daughter nuclei completely formed. The 
chromatin masses constitute two large densely basophilic oval bodies 
which are similar in every respect to the nucleoli of resting nuclei. No 
chromatin reticulum is yet visible. The spindle has disappeared entirely, 
and in its former place is a clear region. The nucleole is still quite large and 
densely stained and lies in the cytoplasm. However, it usually decreases 
gradually in size (fig. 39), and may eventually be broken up into a number 
of small granules (fig. 40) and disappear entirely, as is shown in figure 41. 
In two instances so far observed it persisted until after cell division had 
been completed, and as a result was included in one of the daughter cells 
of the spindle organ. 

While the early prophase stages seemed to show that the spireme and 
chromosomes were formed from the chromatin reticulum rather than the 
nucleole, the telophase changes suggest the opposite. The evidence at hand 
indicates that the chromosomes unite to form large nucleole-like bodies 


























CLADOCHYTRIUM REPLICATUM KARLING 25 


which in some unknown manner become enveloped by a nuclear mem- 
brane. At first there is little or no reticulum visible, but as reconstruction 
continues a faint one develops as is shown in figure 39. Although the nu- 
cleole-like chromatin masses show no marked change in staining capacity, 
shape, or size during the process, this reticulum is undoubtedly formed 
from it in some fashion. In no cases so far observed have the telophase 
chromosome masses become alveolated or broken up into smaller and 
smaller units and gradually dispersed as is the general rule in higher plants; 
nor have the nucleoli been found to arise de novo. The author is at present 
of the opinion that the nucleole constitutes the residue of the chromosome 
masses after the reticulum has been formed in the reconstructed daughter 
nuclei. Very often the space between the two daughter nuclei is highly 
vacuolated, and occasionally both may move into this region and lie close 
together as is illustrated in figure 40. 

Cytokinesis in the spindle organs and zoosporangia occurs after nu- 
clear division is complete and appears to be entirely independent of the 
activity of the achromatic spindle. In the former only a few stages have 
been found to date, so that at present the story is far from complete. As 
has been noted before, the equatorial region of the cell formerly occupied 
by the nucleus and spindle is often highly vacuolate, and nothing is to be 
seen of the fibers by the time cell division begins. In figure 41 is shown the 
earliest indication of cytokinesis so far observed. The equatorial region of 
this cell is non-vacuolated, and at the periphery are two faint open furrows 
which appear to be progressing centripetally. A slightly later stage is 
shown in figure 42. The furrows are considerably wider and more open at 
the periphery, and within them have now been formed a thin membrane or 
cell plate, which is in direct connection with the cell walls and extends 
almost up to the apex of the furrow. I am still uncertain as to how this 
membrane is formed at its encroaching tip; no conspicuous, deeply stained 
cytoplasmic masses or plugs have been found enveloping and preceding it, 
as Lutman (1911) has shown in Closterium. Its development is more similar 
in superficial appearance at least to the so-called girdle wall formation in 
Cladophora as figured by Brand (1908), although no accumulation of slimy 
wall substance in the regions where cell division begins has yet been ob- 
served. The furrows and cell plate progress deeper and deeper, as is shown 
in figure 43, until they meet in the center and thus divide the cell (fig. 44). 
No kinoplasmic material in the form of spindle fibers or astral rays has 
thus been seen in relation with cytokinesis in the spindle organs. Nuclear 
division may not always be followed immediately by cell division. In a few 
instances elongated multinucleate spindle organs, such as are illustrated 
in figure 45, have been found in which no cross septa were present. Such 
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cases, however, appear to be exceptional. Whether cross walls are de- 
veloped at all in such organs or all of the nuclei migrate out is not known. 

As has been shown elsewhere, the spindle organs vary considerably in 
size, shape, and number of cells. They are predominantly spindle-shaped, 
but occasionally irregular and somewhat rectangular-shaped ones with 
several tenuous filaments, such as is illustrated in figure 46, occur. The 
division spindle in one of these cells is at right angles to the long axis of the 
organ, and as a result, when cytokinesis is completed the structure may 
become dictyosporous in appearance. Oftentimes the individual cells may 
become greatly enlarged and vesicular or transformed directly into zoo- 
sporangia. In figure 47 is shown what was doubtless originally a five-celled 
spindle organ, but two of its cells have developed into sporangia. In ex- 
ceptional cases the zoosporangia may bud out from the surface of the 
spindle organ as is shown in figure 48. This figure is of further significance 
in that it also shows the division of the primary nucleus of the young 
sporangium. 


DEVELOPMENT OF THE ZOOSPORANGIA 


The zoosporangia occur terminally and intercalary in the rhizomy- 
celium, and may also arise from the surface of a spindle organ or directly 
by the transformation of its cells. They vary considerably in size and some- 
what in shape, but are predominantly oval or spherical. Occasionally the 
shape of larger ones is determined by that of the host cell. At maturity they 
are filled with large, round, refractive, golden-red globules. Their develop- 
ment and maturation can be readily followed in the living condition, and 
for the sake of comparison with fixed and stained preparations I shall de- 
scribe the processes first in living material. The most pronounced visible 
changes involve increase in size of the zoosporangium itself and the genesis 
of the refractive globules. The visible and physical changes which the latter 
undergo in the development and maturation of the zoosporangium are 
quite characteristic and can be followed with readiness. With the view of 
presenting these changes more concretely, I have drawn in text-figure 1 
successive developmental stages of a terminal sporangium at different time 
intervals. At first these droplets are hyaline or grayish-white in color with 
a faint tinge of pale orange, and appear to be more or less evenly distri- 
buted in the hyaloplasm, as is shown in text-figure 1A. At this stage they 
vary from minute points at the limits of microscopic visibility to well- 
defined and fair-sized globules. As the zoosporangium grows in size (text- 
fig. 1B), they increase in number and size also, and quite often in this 
uninucleate stage they may be grouped more numerously about the cen- 
trally located nucleus. In living material the nucleus cannot, of course, be 
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clearly seen, but its outline as a hyaline sphere is rather well defined by 
these globules. Their increased number around the nuclear membrane 
does not necessarily indicate, in my opinion, a specific affinity between the 
two, Dut is doubtless primarily a matter of displacement. Assuming them 
to be evenly distributed in a more or less viscid hyaloplasm, it is obvious 
that those in the center around the nucleus will become more closely 
crowded as it grows in size preparatory to division. This view is supported 
by observation on the developmental stages of vacuolated zoosporangia, 





Text-figure 1, showing changes in the refractive golden-red globules during the 
maturation of the zoosporangium in living material. 


such as are shown in text-figure 1G to 1I. In these sporangia the globules 
were densely crowded at the periphery of the vacuoles, and as the latter 
increased in size the crowding became more and more pronounced. Group- 
ing of refractive droplets around the nuclear membrane as described above 
is not always visible, however. Sometimes it is quite pronounced, but at 
other times it appears to be lacking. This may possibly be associated with 
the disappearance of the nuclear membrane in the late anaphases of divi- 
sion and its subsequent reformation in the telophases. It is not incon- 
ceivable that the refractive globules may invade the nuclear region after 
the membrane has broken down; and then as the daughter nuclei are 
reconstituted and grow in size the crowding again becomes evident. 
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The increase in number of globules as well as their individual growth 
continues apace with the growth of the zoosporangium, but when it reaches 
mature size (text-fig. 1C), there appears to be no further multiplication of 
droplets. Hand in hand with this growth a marked change in color occurs. 
As the droplets increase in size the orange tint becomes more and more 
intense, and by the time the zoosporangium has reached the stage shown 
in text-figure 1D, the globules are golden red and highly refractive. At 
this stage (text-fig. 1D) and also earlier, the number of globules begin to 
decrease in number and increase markedly in size. The latter change is 
primarily due to coalescence, and as this goes on the globules seem to move 
toward and aggregate in the center of the zoosporangium. Coalescence of 
the globules continues until a limited number are formed, as is shown in 
text-figure 1E, which almost always corresponds to the number of zoo- 
spores developed in the sporangium, although a few exceptions have been 
observed. By this time the hyaloplasm is completely free of granules and 
droplets, and the mature zoosporangium has the appearance of a pellucid 
sphere with a large number of brilliantly refractive, golden-red globules 
suspended in the center. Shortly thereafter cleavage begins (text-fig. 1F), 
and occurs in such a fashion as usually to include a single globule in each 
segment. The position of the globule relative to the nucleus is difficult to 
determine, because the latter is generally invisible in living material. 

So far no Brownian movement of these droplets and globules has been 
observed, except in pathological, dying, and dead zoosporangia. As the 
zoosporangia begin to die and degenerate, movement may become quite 
pronounced and active, but never in healthy protoplasm. From superficial 
appearance these globules appear to be fatty or lipoidal in composition, 
and they have been almost universally referred to in chytrid literature as 
oil droplets. Their reaction to various acids and agents, however, indicate 
a more complex nature. When treated with a 2% osmic acid solution they 
retain their golden-red color for several hours, and do not blacken con- 
spicuously until two days or more have elapsed. They slowly undergo a 
change in color from red to reddish green, olive green and finally dark 
olive. In full strength glacial acetic they change to orange and light olive 
orange in color, and finally after approximately three-quarters of an hour 
they become completely hyaline. This change is not accompanied by any 
marked increase in size or dissolution, and appears to be nothing more than 
a bleaching process. After 18 hours immersion no further change occurred 
in these globules. In ether and chloroform the changes were essentially the 
same. In absolute alcohol immediate coagulation and clumping of the 
globules took place, and within approximately six hours they had lost all 
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color and become hyaline without undergoing any perceptible change in 
size and shape. 

The exit tube usually begins to form quite early, and it is not uncom- 
mon to find it almost fully developed while a zoosporangium is still uni- or 
binucleate, as is shown in figures 48, 49 and text-figure 1B. Its length varies 
from that of a short papilla to a cylindrical tube sometimes 30 yu in length, 
and it may occasionally branch one to several times (text-fig. 11). 

In fixed and stained preparations these globules as such are no longer 
visible and appear to have been destroyed or altered markedly during the 
process of fixation. A young uninucleate incipient zoosporangium is shown 
in figure 48 in which the nuclear membrane is surrounded by a layer of 
irregular, densely basophilic granules and fragments of varying sizes and 
shapes. Do these bodies represent the modified refractive globules of living 
material, or are they chromidia and chondriosomes? In view of the fact 
that the refringent globules as such are no longer visible in fixed and 
stained preparations, and that the angular, irregular and oval granules 
around the nuclear membrane are not destroyed by fixatives containing 
acetic acid and are densely basophilic and stain like the nucleole and chro- 
mosomes, it seems improbable that they are chondriosomes or the residue 
of the globules. The nucleus of the zoosporangium shown in figure 48 has 
doubtless come directly from the upper cell of the spindle organ. The pri- 
mary nuclei are comparatively large (6 u to 7.5 uw), but their size in propor- 
tion to the secondary nuclei is not even near the magnitude exhibited by 
Synchytrium. They divide mitotically with an intranuclear spindle in the 
same manner as in the spindle organs. The cytoplasm at this stage is 
usually quite dense, particularly around the nucleus, and relatively free of 
large granules at the periphery of the sporangium. Figures 21 and 49 show 
binucleate stages. In the former there are very few granules in the cyto- 
plasm and none around the nuclei, but in the latter they are unusually 
abundant and large. They form a broad, dense, and somewhat constricted 
layer around both nuclei, which have apparently moved closer together 
after division and now lie in the more or less vacuolated region formerly 
occupied by the primary nucleus and division spindle. This figure is of 
further significance in that it also illustrates proliferation of the zoosporan- 
gia, which is quite common in C. replicatum. 

In figure 50 is shown a tetra-nucleate sporangium whose four nuclei are 
all in the late prophases of division. Definite spireme bands are visible in 
the two upper ones. Figure 51 shows another zoosporangium of the same 
stage in which only three of the nuclei are present in the plane of the sec- 
tion. These are markedly globe-like in shape, and are clearly in the equa- 
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torial plate stage of division with the poles of the intranuclear spindles 
centered on rather well-defined bodies or granules lying on the nuclear 
membrane. In two of the nuclei these bodies appear flattened and disk-like 
in shape. In the third nucleus one end of the spindle is centered on the 
nucleole. Around none of them, however, are astral or polar radiations 
visible. Figure 52 shows a portion of an elongated eight-nucleate zoospo- 
rangium. Five of the nuclei are clearly visible, while at the base of the 
figure are faint evidences of two others. Two of the five plainly visible 
nuclei present profile views of equatorial plate stages, while the remainder 
show polar views of the same stage. It is thus obvious from these figures 
that nuclear division in the zoosporangia is distinctly mitotic and com- 
pletely simultaneous, as is usually the case of zoosporangia in general. 
Large zoosporangia with sixteen nuclei in the equatorial plate stage of 
division have been found several times. The number of divisions is directly 
correlated with the growth and size attained, and as a result the number of 
nuclei present in mature sporangia varies accordingly. As the number in- 
creases the nuclei become gradually smaller, and at the time of cleavage 
in unusually large sporangia they may be only slightly more than half the 
size of the primary nucleus. The cytoplasm of the zoosporangia shown in 
figures 48 to 52 is comparatively homogeneous with no large conspicuous 
vacuoles. Vacuolated ones, however, are not uncommon, and at maturity 
the more or less irregularly distributed vacuoles usually flow together to 
form a larger central one as is shown in figure 53. The cytoplasm in this 
sporangium is unusually sparse and scant, and the tonoplast of the vacuole 
is not particularly sharp and well defined. The nuclei of such zoosporangia 
lie in the peripheral layer of the cytoplasm. 


CYTOKINESIS AND ZOOSPOROGENESIS 


Cytokinesis in the zoosporangia occurs by the process of progressive 
cleavage in which furrows cut the protoplasm up into uninucleated seg- 
ments. It may be centrifugal or centripetal, or in rare cases a combination 
of both, depending on the size and vacuolation of the sporangium. Figure 
54 shows a portion of a 16-nucleated zoosporangium in which cleavage has 
just begun at the periphery. This preparation is somewhat shrunken, and 
doubtless as a consequence the furrows are more open than usual. In such 
a homogeneous sporangium they travel in a more or less radial direction, 
but may occasionally become curved or bent. In figure 55 is shown a 
smaller zoosporangium in which the cleavage furrows have progressed 
almost to the center of the section. In cases where the center is occupied 
by a nucleus the furrows stop short of it, divide, and the two arms travel 
almost at right angles to the original direction, as is shown in figure 56. 
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They then take a more curved path, and as they meet with similar arms 
of other furrows a more or less round uninucleate segment is delimited in 
the center. In other cases where the central nucleus is lacking the furrows 
meet in the center (fig. 57), and as a consequence the cleavage segments 
are typically wedge-shaped. Figure 58 shows a section of a large zoosporan- 
gium in which cleavage is complete, and the segments are primarily pen- 
tagonal in shape. The furrows or lines of demarcation are quite marked and 
clear, and each zoospore initial is surrounded by a faint membrane which 
seems to be hardly more dense and conspicuous than the remainder of the 
cytoplasm. In unusually large zoosporangia bi- and trinucleate segments 





Text-figure 2, showing progressive cleavage in vacuolated zoosporangia from fixed and 
stained preparations, and the development of the resting spores in living material. 


may occasionally be delimited first, but they are subsequently divided by 
secondary furrows. Following the stage shown in figure 58 the segments 
may increase in size and volume and almost completely fill the zoosporan- 
gium again. In such instances the lines of demarcation are scarcely dis- 
tinguishable. 

In highly vacuolated zoosporangia cleavage is usually centripetal. Such 
types are comparatively rare, but for the sake of comparison I have drawn 
in text-figure 2 successive stages of the process. In figure 2A is shown a 
median section of a sporangium with a large central vacuole, in which at 
one side there is some evidence of cleavage furrows. These begin at the 
tonoplast of the vacuole as rather broad V’s and progress outwards 
between the peripherally disposed nuclei. A slightly later stage is shown in 
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text-figure 2A. The furrows are quite conspicuous and have deepened con- 
siderably. In the zoosporangium illustrated in text-figure 2C, four of the 
furrows have reached the boundary, while the other three are at the stage 
of cutting through the plasma membrane. As a result some of the seg- 
ments are already fully delimited. After cleavage is complete the central 
vacuole disappears, and the zoospore initials gradually move toward the 
center of the zoosporangium. This type of centripetal cleavage is exactly 
similar to what Schwarze (1922), Scherffel (1925), and Couch (1935) have 
described for Olpidiopsis, Eurychasma, Ectrogella, Pythiella, and the Sap- 
rolegniales. In two zoosporangia of C. replicaium both centripetal and 
centrifugal cleavage furrows have been found, but such cases appear to 
be comparatively rare according to my observations. As is shown in 
figure 2D the central vacuole is relatively small, but from its border fur- 
rows are beginning to develop. At the same time, they have also formed 
at the periphery of the sporangium and are progressing inwards. 

It is thus obvious from this description that cytokinesis in the zoo- 
sporangia of C. replicatum does not occur by a simultaneous fragmenta- 
tion or cleavage of the protoplasm into polyhedral segments as Dangeard 
(1890), Kusano (1909), Curtis, Barrett, Schwartz and Cook, and others 
have described for Synchytrium, Olpidiopsis, and Olpidium, but by pro- 
gressive cleavage, as Harper (1899), Swingle (1903), Timberlake (1902), 
Schwarze (1922) and Bold (1933), have so clearly shown in the sporangia 
of fungi and algae. The claim that it is simultaneous is based, primarily, 
it seems to me, on the fact that the observers have not seen the initial 
stages of cleavage. As Harper, Schwarze, and myself have shown, the 
cleavage segments or spore initials may grow or swell up by rehydration 
after cleavage is over and often completely fill the sporangium. As a result 
of this increase in size the lines of demarcation become faint and less con- 
spicuous and look as if they had but recently been formed. The whole 
sporangium thus appears as if it had at once undergone simultaneous 
division into polyhedral segments throughout. It is thus apparent that if 
observations are made at that stage the impression is deceptive. 

As has been noted above, the cleavage segments or zoospore initials 
in sections are usually pentagonal, hexagonal, or triangular in shape. 
During the late stages of cleavage and the transformation of the segments 
into zoospores the nucleoli appear to become greatly reduced in size as 
is shown in figures 57 and 59. This change is not accompanied by budding 
or fragmentation and nuclear extrusion as far as I have been able to de- 
termine. The reduced nucleoli are usually homogeneous in appearance 
and even in contour, while the cytoplasm may occasionally be compara- 
tively free of basophilic granules (figs. 54-56). At this stage, however, 
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granules and dark staining substances are usually very abundant, par- 
ticularly around the nucleus, as is shown in figures 57-59, but whether or 
not they are of nucleolar origin is uncertain. Oftentimes they may be so 
dense as to almost obscure a portion of the nuclear membrane. The extra- 
nuclear substance or granules shown in these figures are very finely di- 
vided, but in the slightly older segments shown in figures 60 to 69 they 
are very large and coarse and lie around that portion of the nuclear mem- 
brane opposite the nucleole. Figure 60 shows five conspicuous bodies or 
granules of this type. This segment as well as those shown in figures 61 
and 62 are from sporangia fixed in Flemming’s medium solution and triple 
stained. When treated thus the granules are usually ruby red in color like 
the small round nucleole. In figure 61 is shown a later stage of zoosporo- 
genesis in which the number and amount of extranuclear substance and 
granules have increased markedly. Apparently the bodies fuse as matura- 
tion continues (fig. 62), since at maturity their place is occupied by a 
densely stained, more or less optically homogeneous, somewhat hemi- 
spherical cap which envelops the upper portion of the nucleus, as Kniep 
(1929) and Hatch have recently described in Allomyces. At this stage the 
zoosporangium with its zoospore segments may frequently have the ap- 
pearance shown in figure 63. The nuclei may look like clear spaces or 
vacuoles surrounded at the apex by a densely stained crescentic mass or 
cap. 

Nuclear caps of this type seem to be fairly common in the zoospores 
of the Oomycetes, according to the observations of Thaxter (1896), Bar- 
rett (1912b), Kniep, Cotner (1930) and Hatch; but with the exception of 
Debaisieux’s (1920) account of Coelomycidium this description of their 
presence in C. replicatum is the first conclusive report for the Chytridiales. 
I have also found them in the zoospores of Catenaria and Diplophlyctis. 
The figures of Hovasse (1936) suggest that they may be present in Rhizo- 
phidium, and it is not improbable that the crescentic shaped body or 
nucleole described by Wager as lying inside of the nuclear membrane of 
Polyphagus Euglenae may possibly be a nuclear cap. 

There is, however, considerable difference of opinion as to whether 
the nuclear caps are intra- or extra-nuclear. Thaxter, Cotner and Spar- 
row (1933b) interpreted the densely basophilic crescentic bodies which 
they observed as constituting the greater part of the nuclei, while Bar- 
rett described them as food bodies in which the nucleus is partially im- 
bedded. Kniep and Hatch claim that they are entirely extramatrical and 
fit as a more or less hemispherical hood over the nucleus of the zoospores 
and gametes. My observations on C. replicatum confirm their account as 
to its spatial relation to the nucleus, but differs somewhat from that of 
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Debaisieux and Hatch as to its composition. After cleavage has been com- 
pleted in Coelomycidium Simulii, according to Debaisieux, and the seg- 
ments have begun to round up large angular, round, or elongated baso- 
philic bodies appear in the cytoplasm and gradually fuse into a large 
body, which usual lies at the apex of the nucleus on the side opposite the 
point of attachment of the cilium. He regards this extranuclear body as 
an accessory nucleus which results from the fusion of chondriosomal gran- 
ules and is in some way connected with the formation and development 
of the cilium. In Olipidium-like parasites of Saprolegnia Varitchak (1931) 
describes and figures the chondriosomes as aggregating around the nuclei 
during zoosporogenesis, but he does not show their fusion to form an 
extra-nuclear cap. Hatch has subsequently presented a viewpoint some- 
what similar to that of Debaisieux as to the origin of the cap, although 
apparently unaware of the former’s account. He describes the extranu- 
clear cap as originating by the aggregation, vesiculation and fusion of 
chondriosomes around the nuclear membrane during gametogenesis in 
Allomyces arbuscula, and believes it is equivalent to the so-called limo- 
sphere which appears during spermatogenesis in certain mosses. Figures 
27, 28, and 32 of Hatch are fundamentally similar to my figures 60, 61, 
62 and 63 of C. replicatum, but in the latter these extranuclear granules 
which eventually form the cap show much the same reaction, staining 
capacity and affinity as the nucleole and chromatin. It is to be noted in 
this connection that Debaisieux also demonstrated their presence with- 
out the aid of chondriosomal fixatives and that they appeared densely 
basophilic when ordinary killing agents and stains were employed. In C. 
replicatum, as has been noted previously, I have so far been unable to 
demonstrate with conclusive certainty and to my own satisfaction that 
they are chondriosomal in appearance and composition. It is to be noted, 
however, that in A. arbuscula, according to Hatch, the chondriosomes are 
conspicuous in the living hyphae and young zoosporangia as elongated 
rods, and such material is apparently more favorable for study than C. 
replicatum. Furthermore, the use of Feulgen’s nuclear stain has not dif- 
ferentiated the cap specifically in our species. In the best of preparations 
it has not appeared as a colorless region in contrast to the densely stained 
chromatin, as Hatch has shown in figure 20 of A. arbuscula. The author 
thus feels that before any definite conclusion can be reached as to the 
composition of the nuclear cap an intensive study of its occurrence in a 
large number of species must be made. In Rhizophidium Beauchampi, for 
instance, Hovasse (fig. 4C) figures a densely stained mass at the anterior 
end of the cleavage segment which in living material blackens intensely 
with osmic acid, and appears later in zoospores as an oil globule where it 
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is ultimately used up as food. Whether or not this mass is equivalent to 
the nuclear cap is uncertain, but its presence, nevertheless, emphasizes 
the need for more intensive study of the cytoplasmic constituents of the 
sporangia and zoospores of the lower fungi. 

In some zoospores the cap may be reduced and small in size, while in 
others it may envelop the large part of the nucleus, as is shown in figures 
64A and 64B. The nucleole usually lies at the opposite pole of the nucleus, 
which by this time has become somewhat elongated and even peaked, and 
is quite small in comparison with its former size. As the zoospore initials 
mature and begin to glide about in the zoosporangium, the cilia are formed. 
These are apparently developed before the zoospores escape, since nu- 
merous ones have been found with well-developed organs of locomotion 
while still within the sporangium. Figure 65 shows the structure of the 
zoospore after it has escaped. The cilium is posteriorly attached, and from 
its point of insertion runs a faint cytoplasm strand to the nucleole. This 
strand is not always clearly visible, but it is doubtless equivalent to the 
rhizoplasts which occur in the zoospores of the Myxomycetes, water 
molds, and protozoa. 


DEVELOPMENT OF THE RESTING SPORANGIA 


The resting sporangia of C. replicatum are predominantly spherical in 
shape, and vary from 9 to 21 uw in diameter, but oval, lemon-shaped and 
elongated ones are not uncommon. They are hyaline and possess a fairly 
thick wall which is often quite smooth, but in a large number of sporangia 
fine hyaline, single, and sometimes branched filaments or spines radiate 
from the surface, as has been described previously by Sparrow (1933) and 
myself (1934). As many as thirty such threads varying from 4 to 15 uw in 
length have been found in a single sporangium. It thus seems that both 
smooth and spiny resting spores are formed in this species. In living 
material a large spherical, hyaline, and somewhat refractive globule oc- 
cupies the center of the cell, and in elongated sporangia two or more such 
globules may be present. 

The resting sporangia may be borne terminal or intercalary on the 
rhizomycelium, and generally make their appearance as the thallus ma- 
tures. So far no fusion of motile isogametes such as occurs in Olpidium and 
Synchytrium have been observed in relation to the genesis of these spores. 
This possibility, however, must not be excluded, in spite of the evidence 
at hand that their early development is fundamentally similar to that of 
the zoosporangia. They begin as enlargements in the rhizomycelium, and 
in their early stages are indistinguishable from the ordinary evanescent 
zoosporangia. Very shortly, however, it becomes obvious that the sus- 
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pended globules in the cytoplasm do not acquire the brilliantly golden red 
color as in the case of the zoosporangia, but remain hyaline or faint yel- 
low. This seems to be the first recognizable difference. Text-figure 2E 
shows an early developmental stage in which the globules are still quite 
small. In text-figure 2F they have begun to coalesce into larger bodies, 
and their number has been somewhat reduced. The wall has also thickened 
considerably. It is not uncommon, however, to find young spores which 
are completely filled with hyaline bodies of more or less the same size as 
is shown in text-figure 2G. A fairly late stage is shown in text-figure 2H 
in which the wall is markedly thicker. The hyaline globules are further 
reduced in number but much larger in size. Eventually they coalesce to 
form one or two large central globules as is illustrated in text-figure 21. 
This figure shows a mature, thick, smooth-walled spore, while text-figure 
2] shows one with the slender radiating filaments or spines. So far I have 
not followed the development of the latter type and determined the man- 
ner of origin of the spines. Occasionally the central globule may have a 
faintly yellow or orange tinge. 

In fixed and stained material, on the other hand, the appearance of 
the developing spores is somewhat different. The globules are apparently 
destroyed or greatly modified as such by fixation and their places appear 
to be occupied by vacuoles. Here it becomes apparent that the spores 
attain mature size without nuclear multiplication ordinarily, and the first 
visible change is in the thickening of the wall. In figure 66 is shown an 
incipient uninucleate spore in which the wall is only slightly heavier than 
in the zoosporangia. The cytoplasm is relatively dense, particularly around 
the nuclear membrane. The nucleus is large and round with a well-de- 
fined nucleole, but the chromatin reticulum appears denser and more 
basophilic. As the spore matures this change becomes more conspicuous, 
and the nucleus may be filled with large irregular granules. A later stage 
in development is shown in figure 67. The wall has thickened perceptibly, 
large vacuoles have appeared in the cytoplasm, and the nucleus has been 
slightly displaced from its central position. Furthermore, it is enveloped 
in a rather dense layer of cytoplasm in which granules are beginning to 
appear. While the resting spores are predominantly uninucleate, occasional 
bi- and tetranucleate ones may be found as is shown in figures 68, 69, and 
70. Figure 68 shows a binucleate spore in which the wall is comparatively 
thick. Most of the cytoplasm is aggregated around the two nuclei and is 
filled with densely stained granules. As a result, the nuclei in such cells 
appear as relatively clear spaces in which lie the nucleole and other large 
dense chromatic bodies. In the nuclei shown in figure 68 the chromatin 
reticulum is condensed into a more or less solid homogeneous body. 
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I do not interpret this binucleate condition as delayed karyogamy 
following cell fusion, as Kusano, Griggs, Wager, Schwartz and Cook, and 
Sampson (1932) claim in Olpidium, Monochytrium, and Polyphagus. It 
seems to me we are here dealing with an incipient binucleate, arrested 
zoosporangium which encysted and became a resting spore. This view is 
supported by evidence of the type presented in figures 69 and 72. In 
figure 69 a partly developed but unopened sporangial neck is present, 
which was doubtless formed in the early stages of development and would 
have served as the exit tube of a zoosporangium. Instead of developing 
into such a structure, however, its content retracted somewhat, encysted, 
and formed a thick wall. Here again conspicuous vacuoles are present, 
and the denser cytoplasm is aggregated around and between the two 
nuclei. Figure 72 shows a uninucleate but somewhat similar cell in which 
the exit tube is longer and the spore wall thicker. These figures are fun- 
damentally similar to those of Buckley and Clapham (1929) for Catenaria 
anguillulae, in which they show that the resting sporangia are nothing 
but encysted zoosporangia. Occasional tetranucleate spores may also be 
found, as is shown in figure 70. Such sporangia are hardly to be regarded 
as stages in germination, since the wall is not fully developed. Without 
doubt, this represents again an incipient four-nucleate zoosporangium 
which has encysted. 

Quite often the spindle organs themselves may develop thick walls 
and become transformed into resting sporangia, as is shown in figure 71. 
This is additional indirect evidence, it seems to me, that no sexual fusion 
is involved in the formation of the resting spores. In figures 73 and 74 are 
shown fully mature dormant sporangia. The nucleus generally lies flat- 
tened at one side (fig. 74) in the primordial utricle and is surrounded by 
a dense layer of cytoplasm in which a large number of granules are sus- 
pended. The large refractive globule which is usually so conspicuous in 
living material has apparently been destroyed or greatly modified in fixa- 
tion, since it is no longer present as such. Its position is usually occupied 
by a large central vacuole. Figure 73 shows the same kind of spore as 
seen from above. The flattened nucleus here appears quite large and round, 
with a conspicuous nucleole at one side and a large angular densely stained 
body lying in the reticulum. The granules in the cytoplasm are very 
numerous and form a dense layer around the nucleus. At this stage the 
resting sporangium may be described as mature. So far no germination 
stages have been found in fixed and stained material. 














Il. CYTOLOGY OF THE CHYTRIDIALES IN GENERAL 


SYNCHYTRIACEAE 


The species of this family were the first to receive serious attention 
from cytologists and have without doubt been most extensively and in- 
tensively studied. It is primarily for this reason that I take this family 
first for consideration. At present it is generally regarded as including 
only three genera, Synchytrium, Micromyces and Micromycopsis. 

In 1890 Dangeard described and figured the nuclei of Synchyirium 
Taraxaci as dividing both by successive bipartition, or amitotically, and 
indirectly, and from his description and drawings it appears as if mitosis 
and amitosis occur simultaneously and side by side in the same thallus. 
Three years later in the same species Rosen (1893) reported direct division 
of the primary nucleus, in which the chromatin spins out into a spireme, 
the nucleole divides, and its two halves then migrate apart. Finally the 
nucleus with its spireme and two nucleolar portions constricts and divides 
into two daughter nuclei without the formation of an achromatic spindle. 
Subsequently, the successive divisions of the secondary nuclei assume 
more and more the character of mitosis, and eventually divide entirely 
by this method. Thus, according to Rosen, mitosis gradually evolves from 
amitosis in the growth and maturation of the sorus. 

As to the mode of cell division Dangeard described the prosorus of 
S. Taraxaci as fragmenting simultaneously into a large number of poly- 
hedric segments which subsequently form thin membranes, separate, and 
develop into sporangia. In 1899 Harper, however, demonstrated the inac- 
curacy of Dangeard’s description, and showed in S. Taraxaci and S. 
decipiens that cell division is accomplished by progressive cleavage, 
rather than by simultaneous fragmentation. Cleavage furrows begin at 
the surface and progress deeper and deeper in a more or less radial di- 
rection until they intersect and thus divide the protoplasmic mass inte 
irregular segments. At first the furrows or grooves are so narrow as to 
appear as thin plates, or lines; but as the result of shrinkage which usually 
accompanies cleavage the segments begin to separate, and the cleavage 
lines become open furrows. After cleavage has been completed the pro- 
sorus swells to its original proportions, and the segments thus become 
closely pressed together. The lines of demarcation are nevertheless evident, 
but at this stage the whole prosorus looks as if it had undergone simul- 
taneous cleavage or fragmentation. From this description it is evident 
that what Dangeard and subsequent workers saw was only the rehydrated 
stage of the prosorus after cleavage had been completed, and this doubt- 
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less explains the oft-repeated description in the literature that cell divi- 
sion in the zoosporangia of the chytrids occurs by simultaneous cleavage. 

The problem of the method of nuclear division remained as Dangeard 
and Rosen had described it until 1903, when Stevens and Stevens under- 
took a study of karyokinesis in S. decipiens. They described the primary 
nucleus as decreasing tremendously in size preparatory to division, but 
none the less dividing mitotically with the formation of a definite spireme, 
chromosomes, and an intranuclear spindle. Lowenthal made a cytological 
study of S. Anemone in 1905, showed the hypertrophy of the infected host 
cell, and figured the primary nucleus of the resting spore as continuous 
with the cytoplasm and totally devoid of a membrane. Beyond this pecu- 
liarity, which is undoubtedly an artifact, he contributed nothing of sig- 
nificance to our knowledge of nuclear and cell division. Two years later 
Rytz (1907) published an extensive account of the host range of species 
of Synchytrium and dealt in some detail with the cytology of S. Succiase, 
in which he confirms Harper’s description of progressive cleavage in detail. 
Although he figures a typical mitotic spindle for one of the secondary 
nuclei, he is, nevertheless, somewhat doubtful as to the universality of 
this method of nuclear division. Kusano (1907-1908) in S. Puerariae con- 
firmed the account of Stevens and Stevens as to the indirect division of 
primary nucleus, and in the same year F. L. Stevens (1907) independently 
gave another account of the nuclei and their method of division in S. 
decipiens, S. fulgens, and S. papillatum. In these species he figured and 
described not only nuclei without limiting membranes, but centrosomes, 
astral rays, and mitotic division of some secondary nuclei. He was unable 
to find intermediate and progressive division stages in the latter, and be- 
cause of this fact he postulated that a single nucleus may often fragment 
simultaneously into several smaller ones. Stevens apparently turned over 
his material of S. decipiens to Griggs, who in 1908 described in detail the 
relation of the centrosome and astral rays to the reconstruction of the 
nucleus. In the following year (1909a), however, Griggs confirmed Stevens’ 
hypothesis as to amitosis or fragmentation of the secondary nuclei and 
described two types of nuclear origin, heteroschizis and nuclear gem- 
mation. In the latter process the karyosome breaks up into bodies which 
then migrate through the nuclear membrane, becomes enveloped in a 
vacuole, and then becomes surrounded by a membrane. In heteroschizis, 
on the other hand, the nucleus undergoes direct multiple division or 
fragmentation to form a somewhat compact morula-like cluster of daugh- 
ter nuclei. These remain close together, and eventually divide mitotically 
to form a group of small division spindles. Subsequently in the same year 
Griggs published another paper (1909b) dealing with these latter mitotic 
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divisions and the individuality of the chromosomes. From the fact that 
nuclei derived by amitosis also show the characteristic four chromosomes 
he concluded that there is no continuity of these bodies from one nuclear 
generation to another, and “‘that the chromosome number is a physio- 
logical constant, like the other hereditary characters of the species.”’ 

In the meantime, Kusano (1909) published a long account of the cy- 
tology of S. Puerariae and showed again that the division of the primary 
and secondary nuclei is distinctly mitotic, although he did not find all of 
the successive stages of the process and also gave some figures of small 
nuclei which are strikingly similar to those of Griggs. Cell division in the 
prosorus occurs by simultaneous cleavage, and the sporangial walls are 
precipitated from the cytoplasm. It seems obvious, however, from his 
description and figures that he is describing the rehydrated stage of the 
prosorus which Harper found to occur after cleavage has been completed. 
At the same time Guttenberg (1909) described and figured a peculiar 
looking mitotic figure in S. anomalum. The nucleus appears to be sur- 
rounded by an extraordinarily thick membrane or wall and contains a 
number of nucleolar fragments. Its upper end, however, is broken open 
and through this large aperture extrudes the greater part of a division 
figure apparently in late anaphase. At the exterior pole of the latter lies 
a large centrosphere. From the appearance of this one figure Guttenberg, 
nonetheless, concluded that nuclear division in S. anomalum is mitotic. 
In the following year (1910) appeared Percival’s study on the life history 
and cytology of the potato wart disease organism which he transferred 
to the genus Synchyirium under the name S. endobioticum. He gave a 
brief but rather well-illustrated account of the development of the summer 
sorus, figured what appears to be early prophase changes of primary 
nucleus, but failed to find metaphase, anaphase, and telophase division 
stages. According to his description, the primary nucleus begins to shrink 
as chromatin is extruded into the cytoplasm and gradually disappears 
altogether. The extruded chromatin granules or chromidia in the cyto- 
plasm then become surrounded by vacuoles and develop into small sec- 
ondary nuclei, which subsequently undergo mitotic division. This is es- 
sentially like the process of nuclear gemmation described by Griggs. In 
view of the fact presumably that he could not find any sharply defined 
division figures of the primary nucleus, Percival came to the same con- 
clusion as Dangeard and Rosen that a gradual evolution of typical mitosis 
occurs in the later divisions of the secondary nuclei. On the other hand, 
he confirmed Harper as to cell division by progressive cleavage in the 
prosorus. With respect to the maturation of the thick-walled winter spores 
or sporangia his account is essentially the same and as curious as for the 
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prosorus, particularly in relation to the nuclei. The primary nucleus lacks 
a membrane until it reaches maximum size. Chromatin is then apparently 
extruded into the meshes of the cytoplasm and eventually gives rise to 
the nuclei of the zoospores. While this is going on the primary nucleus 
shrinks in size, the nuclear membrane dissolves and disappears, and at 
the times the zoospores are formed only a residue consisting of the rem- 
nants of the nucleole and chromatin remains. 

Percival’s work was shortly followed by that of Bally in 1911 on S. 
Taraxaci and S. endobioticum. In the former species Bally failed to find 
any division of the primary nucleus and reported not only nuclear gem- 
mation of the type described by Griggs for S. decipiens but also the 
presence of macro- and micronuclei, and fusion of the small secondary 
nuclei as well. Later on such nuclei in the sorus and sporangia were found 
to undergo typical simultaneous mitosis. Cell division was found to occur 
fundamentally by progressive cleavage, although he does not give any 
convincing figures of the process. For S. endobioticum Bally confirmed 
Percival’s account of the nuclei in detail, but failed to find any division 
figures of the secondary nuclei. Two years later Tobler (1913) mono- 
graphed the genus Synchytrium, and while her study was largely morpho- 
logical and taxonomic, she none the less reviews the cytology of the group 
and in S. aurantiacum, confirms Lowenthal’s, Stevens’, and Percival’s 
description of primary nuclei without membranes. In S. mercurialis as 
well as in S. aurantiacum she described and figured migration of secondary 
nucleoli through the nuclear membrane into the cytoplasm where they 
develop into small secondary nuclei. 

Rytz resumed his study on the cytology of S. Taraxaci in 1916 and 
1917 with an extensive description and illustration of young sori and 
micro- and macronuclei similar to those figured by Stevens (1909), Griggs, 
and Bally. He described these size differences as possibly due either to 
non-synchronous nuclear division or reunion of recently divided nuclei, 
and refuted emphatically the views of Griggs, Percival, and Bally that 
secondary nucleoli normally migrate through the nuclear membrane and 
develop into nuclei in the cytoplasm. Such phenomena are nothing but 
abnormal and pathological appearances induced by the fixing agents em- 
ployed. Likewise, he denied the claim of Dangeard, Rosen, Griggs, Perci- 
val, and others that amitosis and mitosis of the secondary nuclei alter- 
nate during the growth of the prosorus. He found numerous nuclei which 
appeared to be dividing directly, but attributed this entirely to artifact 
induced by the killing solution. Although he did not observe division of the 
primary nucleus, Rytz, nevertheless, maintained that mitosis is the only 
method of division of both the primary and secondary nuclei. In 1919, 
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however, Bally refuted these claims of Rytz, and reiterated his previous 
views as to chromidial extrusion, methods of nuclear division and zoo- 
sporogenesis. In answer to the contention that regular mitosis is essential 
to equal and proper distribution of hereditary characters he claimed that 
these were very few in Synchytrium, and that the small number of genes 
which determined them required no elaborate process like meiosis and 
mitosis for their segregation and distribution. Accordingly, he regarded 
the chromidia which are extruded from the primary nucleus of the zygote 
or resting spore as the bearers of hereditary factors. 

Following Rytz’s and Bally’s publications came Miss Curtis’ extensive 
cytological study of S. endobioticum in 1921. As to the prophasic changes 
in the primary nucleus, she described three periodic discharges of chro- 
matin from the nucleolus into the cytoplasm during the growth of the 
prosorus. According to her report the nucleus then divides mitotically and 
is followed by similar divisions of the daughter and successive secondary 
nuclei. Curtis, nevertheless, figures large and small secondary nuclei in 
the sorus like those described by previous workers. Cleavage in both the 
prosorus and sorus is described as simultaneous instead of progressive. 
Perhaps the most outstanding contribution by Curtis was the demonstra- 
tion of the relationship between the fused gametes and the resting spore. 
Copulation of motile cells had been first figured in S. Taraxaci by Lowen- 
thal in 1905a, but its significance had not been fully recognized. Curtis 
figured abundant fusion in S. endobioticum and claimed that the zygote 
develops into the resting spore. Her account of the development of the 
latter and the zoospores, however, is very unusual, and confirms in es- 
sential details that of Percival. In the early stage of host infection and 
growth of the zygote, the nucleus is “represented by a single chromatic 
globule lying free in the mass of the cytoplasm,”’ which becomes sur- 
rounded by a vacuole and develops into a normal nucleus. As the latter 
assumes mature proportions the nucleole periodically discharges chro- 
matin into the nuclear cavity and cytoplasm. Fcllowing the final dis- 
charge the primary nucleus shrinks in size and finally becomes function- 
less without undergoing division. The extruded chromatin granules in the 
cytoplasm grow somewhat in size and become the primordia of the zoo- 
spores, discharging, in the meantime, smaller granules of their own into 
the surrounding cytoplasm. The zoospores are thus not formed at all by 
cleavage of the sporangium into uninucleate segments, but develop and 
enlarge around extruded chromatin granules. The latter, as far as can 
be made out from Miss Curtis’ ambiguous description, eventually en- 
large themselves and become the nuclei of the zoospores. 

In the same year, on the other hand, Welsford (1921) described and 
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figured normal intranuclear mitotic figures of the secondary nuclei in the 
resting sporangium of the same species. However, there has been some 
doubt expressed (Kusano, 1930) as to whether he was dealing with the 
resting spore. The results of Miss Curtis as to the degeneration of the 
primary nucleus and the origin of the secondary nuclei and zoospores 
were fully confirmed by Kohler in 1923 for S. endobioticum and S. ano- 
malum, and in 1926 Quintanilha reported and figured nucleolar extrusions 
and amitosis of the secondary nuclei in the sorus of S. papillatum, which 
were then followed by regular mitosis. 

The cytology of Synchytrium remained thus until Kusano (1930) pub- 
lished his account of nuclear and cell division in S. fulgens. He found not 
only indirect division of the primary and secondary nuclei of the sorus 
but in the resting spore as well. Fusion of gametes occurred abundantly 
to form diploid zygotes. Accordingly, the first division of the primary 
resting spore nucleus proved to be heterotypic and the subsequent ones 
homoeotypic. Abundant extrusion of chromatin into the cytoplasm oc- 
curred, but instead of the granules becoming secondary nuclei and pri- 
mordia of zoospores, as most of the earlier workers had claimed, he found 
them enlarging to form reserve food globules, which are consumed in the 
germination of the resting spore. As to the method of cell division, Kusano 
is somewhat obscure. He merely states that the sorus undergoes segmenta- 
tion by “the formation of the plasmic walls between the segments.” 
Nothing is known apparently concerning the delimitation of zoospores 
during germination of the resting spore. 

Nothing of significance has appeared in the literature on the cytology 
of Synchytrium since Kusano’s latest contribution. In a neighboring genus, 
Micromyces, however, Couch (1932) has shown the developmental stages 
and the host-parasite relationship of M. Zygogonii in Spirogyra. As soon 
as the parasite enters the host cell it moves toward the nucleus, and 
throughout its whole development usually lies closely appressed to the 
latter. The content of the prosorus escapes into a vesicle, nuclear division, 
and cleavage into zoosporangia follow. The sporangia then cleave into 
minute uniciliate zoospores, which Couch claims are planogametes and 
fuse to form diploid biciliate zygotes. These infect the host cell, but Couch 
has not so far observed their development into resting spores. No details 
as to the mode of nuclear division and type of cleavage are given. The 
genus Micromycopsis was established and described by Scherffel in 1926 
and confirmed by Sparrow and by Cejp in 1932 and 1933. Nothing is 
known concerning nuclear division, cytokinesis, and sexuality in this 
genus. 

It is quite obvious from this brief résumé of the literature that there 
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is little agreement on the manner of nuclear and cell division in the family 
Synchytriaceae. All but three of the investigators who studied these prob- 
lems describe the nuclei as dividing either amitotically in one stage of 
development or mitotically in another, and there is only one detailed and 
accurate account of cytokinesis for the whole group. The descriptions and 
views of Griggs, Percival, Bally, and Curtis on nuclear and zoospore de- 
velopment in various species of Synchytrium are fundamentally hardly 
more than a revival in slightly modified form of Schleiden’s (1838) and 
Schwann’s (1839) archaic account of “free cell formation” around a ‘‘cyto- 
blast,’ which proved to be such an enirma and stumbling block to a cor- 
rect interpretation of the manner of origin of new cells. According to 
these students of Synchytrium, neither meiosis nor mitosis occurs in the 
zygotic primary nucleus of the resting spore; and the secondary nuclei 
arise from extruded granules in the cytoplasm around which are subse- 
quently developed the zoospores. We see further in these accounts a 
return in essence to the views of R. Hertwig, Schaudinn, Dobell, Schaxel 
and other students of the protozoa on the extrusion of chromatin or chro- 
midia from the nucleus in Arcella, Arachnula, Actinosphaerium, etc., and 
their subsequent union and growth to form the nuclei of the daughter 
cells. These observations were the basis for the elaborated chromidial 
hypothesis of Hertwig, Goldschmidt, and others as to the duality of the 
nucleus, which has been greatly discredited by the development of chon- 
driosomal and Golgi body fixatives and the demonstration of such struc- 
tures in the cell. If the observation of Griggs, Percival, Bally, Curtis, 
Kohler, and others on nuclear formation in Synchytrium are correct what 
becomes then of the universal doctrine of omnis nucleus e nucleo and its 
concomitant relations to the present-day concepts of heredity? 

As to sexuality in this family fusion of motile isogametes has been 
described in three species of Synchyirium and one of Micromyces. In all 
cases reported the gametes are formed. in the same sporangia and there 
seems to be no genotypic sex differentiation and segregation. Kohler 
(1930, 1932) has found in S. endobioticum that fusion may occur between 
three or more gametes with the result that the zygotes may become tri- 
and tetranucleate. He is uncertain as to whether or not all of the nuclei 
fuse and has not followed the development of such zygotes beyond the 
early stages, so that nothing is known as to their chromosome number. 
In S. fulgens Kusano regards the sexuality exhibited as relative rather 
than fixed and absolute, and thus brings this species in line with what 
Hartmann (1925) and Jollos (1926) have claimed for species of Ecto- 
carpus and Dasycladus. The gametes all behave as male in the active 
swimming stage and as female after becoming quiescent. Each gamete is 
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furthermore unstable in sex character and may act as female in relation 
to one gamete and as male toward another. Kohler (1936) has reported 
the same type of sexuality in S. endobioticum. 

The majority of workers on this chytrid family are more or less agreed 
on the mass effects of the host-parasite relationship, particularly in Syn- 
chytrium, but differ somewhat as to the cytological changes incurred. The 
presence of the parasite leads very shortly to a marked increase in size 
of the infected host cells and does not inhibit but may actually stimulate 
neighboring cells to divide also, if the latter are young and meristematic. 
Lowenthal, however, denies this in S. Anemones, but Bally, Curtis, Tobler, 
and Kusano have shown in S. endobioticum and other species that the 
infected host cells together with the healthy ones surrounding them may 
divide a number of times, and as a consequence the resting spores often 
become deeply imbedded in the tissues. Galls or enlargements are ac- 
cordingly formed in the infected regions, which are thus the result of both 
auxesis (cell enlargement) and meresis (cell multiplication). Auxesis, how- 
ever, seems to be the dominant factor in their development. In S. Puer- 
ariae Kusano (1907, 1909) maintains that the epidermal cells are never 
attacked, and the zoospores infect only the non-chlorophyll bearing paren- 
chyma by entering the intercellular spaces beneath the stomata. After 
entering the host cell, the parasite stimulates it to enlarge slightly, but the 
growth of the Synchyirium thallus is proportionally much greater. As a 
result the parasite soon completely fills it, and the host nucleus and cyto- 
plasm form a thin enveloping layer. With continued growth of the para- 
site the adjacent host cells are compressed, and an enzyme presumably is 
then secreted by the former which dissolves the cell walls. The cytoplasm 
and nuclei of these surrounding cells flow out and unite with that of the 
initial infected cell to form a dense living protoplasmic layer, which 
Kusano calls the “‘symplast.’’ According to this description the cytoplasm 
and nuclei of the affected host cells are only slightly deformed and en- 
larged in size and volume by the parasite and remain alive and normal 
until after zoosporogenesis. The cells of Oenothera sinuata, however, 
fail to enlarge to any appreciable extent when infected with S. fulgens, 
which is primarily due to the relative resistance of the host. The cell is, 
nevertheless, killed and its nucleus and cytoplasm degenerate simultane- 
ously with the parasite. 

In other species, however, the reaction between host and parasite is 
quite different, according to the accounts in the literature. In S. Anemones, 
S. mercurialis, S. Succisae, S. endobioticum, etc., Lowenthal, Rytz, Gut- 
tenberg, Percival, Tobler, and others describe and figure the host nucleus 
as becoming greatly enlarged and irregular and finally disintegrating. 
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Guttenberg and Tobler in particular describe host nuclei which have 
attained a diameter of more than 50 yu and are quite irregular in outline 
and extensively ramified by furrows and canals. Such changes are usually 
accompanied by a marked increase in size of the nucleole and its subse- 
quent fragmentation and division into a great number of secondary 
nucleoli and granules, which then enlarge and become intensely baso- 
philic. Similar but less marked changes may also occur in the neighboring 
uninfected cells. In some species the host cytoplasm is described as more 
dense and alveolar than normal, but as the cell enlarges it becomes highly 
vacuolated. The figures in the literature thus indicate that parasitism 
may be accompanied by some protoplasmic accretion, but vacuolation 
without doubt plays the significant réle in subsequent enlargement or 
auxesis. 

All species of Micromyces so far described cause marked local hyper- 
trophy of the infected cells but do not stimulate them or adjacent ones 
to divide. The chloroplasts soon change to light yellow and brown and 
together with the rest of the cytoplasm soon become disorganized, de- 
generate and clumped about the prosorus. Micromycopsis, on the other 
hand, is not particularly destructive, according to Scherffel (1926) and 
Cejp (1932, 1933) and does not cause any enlargement of the parasitized 


cells. 


WORONINACEAE 


This family is a heterogeneous collection of species with biciliate zoo- 
spores, and in the present state of our knowledge should perhaps be re- 
garded more as a dumping ground for the Olpidium-like forms with swarm 
cells of this type rather than a group of phylogenetically related species. 
In recent years many genera and species of the Olpidiaceae have been 
transferred to this family with the discovery that the zoospores are bicili- 
ate. In several species the swarm cells are diplanetic and somewhat reni- 
form in shape with the cilia laterally attached, while sexual reproduction 
is distinctly heterogamous; and for these reasons they are regarded by 
many mycologists as distantly related to or the direct ancestors of the 
Saprolegniales. 

It was in a genus of this family that sexuality was first demonstrated 
for the Chytridiales. In 1872 Cornu showed that the resting spore of 
Olpidiopsis is formed by the fusion of the contents of two unequal thalli. 
Pringsheim had observed and figured the male thallus attached to the 
resting spore as early as 1860 and assumed that some type of sexual fusion 
had occurred, but he, none the less, mistook the zoosporangia for the an- 
theridia of Saprolegnia. He showed the conspicuous hypertrophy of the 
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host cells, followed the development of the zoosporangia in this form as 
well as in what we now recognize as Rozella and Woronina, and described 
zoospore formation as occurring directly (unmitielbar). Cornu likewise de- 
scribes it as such. In 1878 Reinsch observed for the first time actual fer- 
tilization and fusion of the male and female thalli. However, in 1880 and 
1882 Fischer denied Cornu’s and Reinsch’s claims as to sexual reproduc- 
tion in Olpidiopsis and described cytokinesis in the zoosporangia as a 
breaking up of the protoplasm into polyhedral masses. In 1890 Dangeard 
likewise failed to observe fusion and described cytokinesis as a grouping 
of the protoplasm around each nucleus. His figures, however, certainly 
suggest cell division by progressive cleavage. Ten years later Fischer 
realized his confusion, segregated all Olpidiopsis-like species in which sexu- 
ality had not been observed in a new genus Pseudolpidium, and confirmed 
the accounts of Cornu and Reinsch. Since that time sexual reproduction 
in various species of Olpidiopsis has been observed again and again. In 
1895 Maurizio described it in O. major and reported cytokinesis in the 
zoosporangia as occurring by cell plate development, although his figure 
8 shows conspicuous progressive cleavage furrows. At that time cytokine- 
sis by cell plates had been shown in the pollen mother cells of a large num- 
ber of plants, and Maurizio was doubtless influenced by these accounts 
in his interpretation of the process in Olpidiopsis. Butler likewise observed 
sexuality in 1907. 

The most intensive cytological study of this genus, however, was made 
by Barrett in 1912. He illustrated and described infection of the host, 
its relation and reaction to the presence of the parasite, nuclear and cell 
division, and fertilization. The nuclei divide mitotically and simultane- 
ously with intranuclear spindles in the developing zoosporangia. As to 
cell division, Barrett describes it as a simultaneous fragmentation of the 
protoplasm throughout the sporangia “much as described by Dangeard 
for the primitive cell of Synchytrium Taraxaci.”’ Barrett showed the pas- 
sage of the contents of multinucleate male gametes into the female thallus 
through a small opening in the respective walls, and the subsequent de- 
velopment of the zygotic resting spore. He was unable, however, to deter- 
mine definitely whether the male and female nuclei fuse in pairs or all 
but one of each degenerate. Similarly he observed neither meiosis nor 
germination of the resting spores. It is thus obvious that the fundamental 
problems of fertilization in this genus are yet to be solved in spite of 
Barrett’s excellent contribution. 

In 1922 Schwarze studied cleavage in living zoosporangia of O. Sapro- 
legniae and found it to occur by progressive cleavage. The more or less 
centrally placed vacuoles fuse into a large central one, and from the border 
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of the latter cleavage furrows arise which progress outward until they reach 
and cut through the plasma membrane. As the contents of the central 
vacuole thus escape, it disappears completely and as a result the cleavage 
segments contract and become visible. They may then increase consider- 
ably in size, presumably by the imbibition of water, press against each other 
and become polygonal, The original cleavage lines thus become less dis- 
tinct as furrows, and the whole mass looks as if it had undergone simul- 
taneous division into polyhedral bodies. Following this another contrac- 
tion stage occurs, and the segments again separate and become distinct. 
It is doubtless the appearance of the rehydrated and subsequent contrac- 
tion stages which has led most of the investigators to believe that cleavage 
is simultaneous throughout. 

Diehl’s study in 1935 on this species is apparently the latest for the 
genus, as far as I am aware. He studied only living material and confined 
his attention primarily to the effect of the parasite on the host. He found, 
as had all previous workers, a marked enlargement but no division of the 
hyphae in the region of infection, and the envelopment of the parasite in 
a dense layer of host protoplasm. The latter accumulates to such an ex- 
tent around the chytrid thallus that the surrounding area becomes highly 
vacuolated and ramified by fine cytoplasmic strands which extend to the 
primordial utricle, as Barrett has also shown. From the appearance of 
his figures as well as those of previous workers there is doubtless some in- 
crease in the more viscid nitrogenous protoplasm of the host hyphae as 
the result of infection, but vacuolation seems to play the dominant rdle 
in enlargement. Neither Reinsch, Fischer, Barrett, nor Diehl shows the 
effect of the parasite on the host nuclei. That the host cell is stretched, 
however, is indicated from Diehl’s plasmolytic experiments. Diehl also 
found that sexual reproduction occurs more abundantly at low tempera- 
tures, and that the male and female thalli may often be of the same size 
at the time of fusion. Furthermore, several male thalli may fuse with one 
female as Reinsch, Maurizio, and Barrett have also shown. 

No intensive cytological study has yet been made of species of Rozella 
and Woronina. As noted before, Pringsheim, Cornu, and Fischer described 
the cytokinesis as occurring directly and simultaneously by the breaking 
up of the protoplasm into segments which then round up to become the 
zoospores. In 1890 Dangeard figured and described nuclear division in 
Rozella septigina as amitotic, but contributed nothing to our knowledge 
of cytokinesis. Cook and Nicholson (1933), on the other hand, describe 
the thallus of W. polycystis as becoming furrowed, and in these grooves 
is laid down cellulin, which thus divides the so-called plasmodium into a 
number of sporangia. Later the contents of these sporangia divide up into 
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zoospores; but Cook and Nicholson say nothing as to whether it occurs 
by simultaneous or progressive cleavage. Their contribution is none the less 
noteworthy in showing that the two cilia are attached apically rather than 
laterally. Most students of these genera describe the young thallus as 
being entirely naked or devoid of a membrane and so enveloped by the 
host protoplasm that the two are almost indistinguishable in the living 
condition. If these accounts are correct the association between host and 
parasite is very intimate and without any marked visible evidence of 
antagonism in the early stages. However, that the two protoplasts are 
immiscible is hardly to be doubted. None of the studies show the ultimate 
effect on the host nuclei and cytoplasm, although Cook and Nicholson 
maintain that W. polycystis feeds on and thus extracts the oil globules 
from the cytoplasm. The most conspicuous effect of these parasites is the 
enlargement of the host cell, but it is impossible to determine from the 
figures in the literature whether this is primarily due to vacuolation or 
an increase in the number of nuclei and the amount of dense viscid cyto- 
plasm. The host hyphae are also stimulated to divide transversely, which 
suggests an attempt on their part to limit the spread of the parasite. No 
sexual reproduction has so far been described for these genera. 

The genera Eurychasma, Sirolpidium, Pontisma, Ectrogella, A phano- 
mycopsis, Pseudosphaerita, Petersenia, and Blastulidiopsis must doubtless 
be transferred from the Olpidiaceae to this family on the basis of the dis- 
covery by Scherffel (1925), Sigot (1931), Dangeard (1933) and Sparrow 
(1934) that their zoospores are biciliate. The limits of these genera are 
not well established and defined, and some of them will perhaps with fur- 
ther study be merged. In fact Scherffel, Sparrow (1933) and others regard 
Ectrogella, Eurychasma, and Aphanomycopsis as primitive or reduced 
members of the family Saprolegniaceae. However, for the sake of con- 
venience in this discussion they will be retained here and treated as valid 
and separate genera. Lowenthal (1905b) studied Eurychasma Dicksonti 
cytologically but figured neither nuclear nor cell division. As relating pos- 
sibly to the latter he shows the mature thallus as consisting of a large 
central vacuole and a relatively thin peripheral scalloped layer in which 
the nuclei lie. This layer becomes more and more scalloped on the inner 
periphery, and finally the zoospores are formed simultaneously and 
directly. In the same year Petersen studied the development of the spo- 
rangia of the same species, and listed four stages of development which he 
believes are characteristic not only for this species but for the Chytridiales 
in general: (1) Stade protoplasmique ordinaire in which the protoplasm is 
very dense, comparatively non-vacuolate, and the nuclei are dividing; (2) 
Stade globuleux in which nuclear division has been completed and the 
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sporangium is filled with numerous, closely pressed, spherical globules; 
(3) Stade écumeux when the protoplasm is filled with numerous large vacu- 
oles separated only by thin cytoplasmic bridges in which the nuclei lie, as 
well as in the peripheral layer; and finally, a fourth stage in which the 
zoospores lie peripherally disposed inside of the sporangial wall. In the 
transition from the third stage he noted a brief marked contraction of the 
protoplasm which is immediately followed by an expansion as the vacuoles 
disappear and the zoospore initials become visible. After the latter have been 
fully formed they become violently active for a short time, and then come 
to rest and encyst; so that the interior of the zoosporangium presents the 
appearance of a reticulum of polygonal segments. Sparrow (1934), on the 
other hand, believes that the encysted stage is the result of adverse con- 
ditions and that ordinarily the zoospores escape directly and at once. In 
any event the encysted zoospores germinate by escaping from their cysts 
in the same manner as Achlya and other Oomycetes. Scherffel maintains 
that the method of zoosporogenesis described by Lowenthal and Petersen 
is not characteristic of true chytrids, and hence Eurychasma should be 
removed to the Saprolegniaceae. Petersen’s claim that the developmental 
stages which he enumerated are characteristic for the Chytridiales as a 
whole is certainly open to question, since his conclusions are based entirely 
on the study of living material. In such material, according to the author’s 
experience, it is practically impossible to determine at what stages nuclear 
division is occurring. Furthermore, the peripheral disposition of the nuclei 
and the subsequent cleavage segments is characteristic only of such forms 
as have highly vacuolate zoosporangia. 

The young parasite is described as naked and occupying a position 
adjacent to the host nucleus when young, but becoming invested with a 
definite membrane at maturity. The host cell becomes somewhat enlarged 
as Wright (1879), Rattray (1885), Wille (1899), and Magnus (1905) had 
previously shown, but the cytoplasm, plastids, and nucleus are not mark- 
edly distorted or injured until the parasite matures, according to Lowen- 
thal. Pierre Dangeard and Sparrow (1934), on the other hand, describe 
the host cell as enlarging very shortly after infection, while the plastids 
soon become discolored and integrated and thus form a residual layer 
around the parasite. 

In Pseudosphaerita Euglenae Dangeard (1933) describes a type of 
cytokinesis that is most unusual for the Chytridiales. The division of the 
initial nucleus is followed at once by bipartition of the thallus, and as the 
two resultant daughter nuclei divide the thallus undergoes division into 
four cells, etc. Cytokinesis thus immediately follows each division of the 
nuclei until the thallus or zoosporangium is divided into a large number of 
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polygonal zoospore segments. Dangeard shows no nuclear division figures 
and consequently nothing of the relation of the spindle to the formation 
of the cell boundaries. Hence, it is not evident from his description and 
figures whether cytokinesis occurs by constriction, furrowing, or cell plate 
formation. The time relations of mitosis and cytokinesis in this species is 
the same as in the meristematic tissues of higher plants, and consequently 
entirely different from that of all other chytrids. 

In Sirolpidium, according to Sparrow, the elongated thallus fragments 
into a number of bodies which separate and become isolated zoosporangia 
and eventually form zoospores, but he gives no description as to how this 
process occurs. Similarly nothing is known of cytokinesis and nuclear divi- 
sion in Pontisma and Petersenia. In Ectrogella bacillariaracearum and 
other species of this genus, however, Scherffel (1925) has figured in detail 
the manner of origin of the zoospores. Vacuoles are more or less evenly 
distributed in the protoplasm at first, but as the thallus enlarges they 
aggregate to form a central row, as Zopf had earlier shown, and at maturity 
fuse into a single elongated and irregular central vacuole. From its border 
then develop furrows which progress outward and eventually reach the 
periphery. The central vacuole disappears, and shortly thereafter the 
cleavage segments swell to fill the entire thallus so that the lines of demar- 
cation become less distinct and conspicuous. Scherffel is very sparing in 
the description of his figures and does not at any time refer to the process 
as progressive cleavage. It is to be noted that his figures are fundamentally 
similar to those of Schwarze for Olpidiopsis Saprolegniae, but he is appar- 
ently unaware of this paper. Scherffel stresses at length his view, as in 
the case of Eurychasma Dicksonii, that this mode of cytokinesis or zoo- 
spore formation is not characteristic of true chytrids but principally of 
the Saprolegniaceae, and is accordingly a criterion of relationship. He 
thus obviously avoids reference to the studies of Harper, Swingle, and 
Schwarze who have shown that progressive cleavage, whether centripetal 
or centrifugal, is not characteristic for a particular group but is the uni- 
versal method of cytokinesis in the sporangia of the Mycetozoa, Chytri- 
diales, Oomycetes, and Zygomycetes in general. The particular point which 
Scherffel is trying to stress, although he does not seem to be clearly aware 
of it, in my opinion, is not that cleavage is not progressive in the Woro- 
ninaceae and Saprolegniaceae but primarily centrifugal in direction because 
of the presence of a large central vacuole. Scherffel also figures many 
stages of what is undoubtedly progressive cleavage in A phanomycopsts, 
but he does not describe them as such. 

The species of Ectrogella, Sirolpidium, Pontisma, and Petersenia cause 
no enlargement or distortion of the host cell according to the figures of 
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Zopf, Scherffel, de Bruyne (1890), Petersen, and Sparrow. Zopf and de 
Bruyne show the host protoplasm closely aggregated around the parasites 
and undergoing discoloration and degeneration, but nothing further of a 
specific nature is known. In the early stages the parasites seem to be 
fairly naked, but there is no universal agreement on this point. In this 
group of genera sexual reproduction has been described for E. Licmo- 
phorae only, and according to Scherffel it is essentially similar to that of 
Olpidiopsis Saprolegniae. 

Sigot’s study of Blastulidiopsis while relating to fixed and stained ma- 
terial shows nothing of nuclear and cell division. The mature thallus con- 
sists of a large central vacuole, a peripheral layer of cytoplasm in which 
the nuclei lie, and at maturity, according to Sigot, the cytoplasm around 
each nucleus rounds up simultaneously to form the zoospores which then 
move into the central vacuole and become very active. As to host-parasite 
relationship, he figures B. Chationi as lying in a clear space or cavity of 
the Cyclops egg and not immediately enveloped by the host protoplasm. 
This clear space may possibly be a digestion cavity, as in the case of plants 
parasitized by members of the Erysiphaceae, into which ferments flow 
and digest the host protoplasm. On the other hand, it may be nothing 
more than the result of shrinkage from fixation. 

The genus Pseudolpidium as recognized at the present time has been 
studied only in the living condition, and as a consequence little or nothing 
specific is known about nuclear and cell division. Sexual reproduction has 
never been observed. Butler followed the maturation of the zoosporangia 
in several species but does not describe cytokinesis, while Cornu and 
Fischer, as noted before, figure vacuolated zoosporangia and report the 
formation of zoospores as occurring directly. The effect of the parasite on 
the host hyphae is quite marked. They enlarge and become more or less 
vesicular as when parasitized with Olpidiopsis, Rozella, and Woronina, and 
may be stimulated to divide transversely. According to the descriptions of 
Cornu, Fischer, and Butler, the relation between the young parasite and 
the host protoplasm is apparently very similar to that of these genera and 
equally as little known or understood. 

In the genus Pythiella, parasitic on Pythium, Couch (1935) has given 
an excellent illustrated account of cytokinesis and sexual reproduction 
from a study of living material, but he contributes nothing about nuclear 
division and the behavior of the gamete nuclei during fusion. Cell division 
in the zoosporangia is progressive and centrifugal from the border of a 
large central vacuole, as Schwarze has described it in Olpidiopsis Sapro- 
legniae. The zoospores are somewhat reniform in shape with two laterally 
attached cilia. After escaping from the zoosporangium they lie quiescent 
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at the mouth of the exit tube for some time and then germinate in the same 
fashion as in Achlya. Sexual reproduction consists of the fusion of a small 
male and a large female thallus through a short conjugation tube or canal. 
More than one male thallus or gamete (fig. 25) may fuse with the female 
thallus as in O. Saprolegniae. After fertilization the zygote rounds up and 
becomes invested with a comparatively thick wall. As to its effect on the 
host, Pythiella causes conspicuous hypertrophy of the Pythium hyphae in 
the region of infection, but no transverse septation, according to Couch. 

This résumé shows that nuclear division has been well figured and 
described in only one genus; cytokinesis in five, and sexual reproduction 
in three genera. The majority of species cause marked enlargement of the 
host cell, but the cytological changes involved and the details of hyper- 
trophy as well as the intimate relation of the parasites and host proto- 
plasm are but imperfectly known. 


OLPIDIACEAE 


The members of this family have not been studied as intensively as 
those of the Synchytriaceae, although the number of genera is consider- 
ably greater. None the less, the same degree of uncertainty and conflict of 
opinion as to methods of nuclear and cell division occurs in the literature, 
and the accounts of sexual reproduction are equally diverse. In 1878 
Woronin postulated on the basis of Cornu’s (1872) and Nowakowski’s 
(1877b) demonstrations of sexuality in Olpidiopsis and Polyphagus that 
the resting spores of Olpidium Brassicae arise from the fusion of motile 
isogametes, and six years later Fisch (1884) reported it to occur in Reessia 
amoeboides, which is perhaps a species of Olpidium. Fisch also de- 
scribed fusion of unequal thalli to form the resting spores in what has 
since been recognized as Pseudolpidiopsis parasitica. In the same year 
Zopf described and figured fusion of small male and large female thalli 
to form resting sporangia in Pseudolpidiopsis Schenkiana. 

This type of sexual reproduction was confirmed by Fischer in 1892 
and Wildeman in 1895 for other species of the same genus, and since that 
time has been observed again and again (Butler, 1907; Tokunagu, 1933). 
Very little was contributed to the cytology of the strictly olpidiaceous 
species of this family, however, until 1910, when Griggs described a new 
species, Monochytrium stevensianum in which the young uninucleate thalli 
fuse within the host cell to form binucleate, thick-walled resting spores. 
Although this is doubtless a species of Olpidium the present binomial will 
be retained in this discussion. Fusion of the gametic nuclei is apparently 
delayed until shortly before germination, although it was not observed 
by Griggs. The thalli which do not fuse develop into thin-walled evanes- 
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cent zoosporangia. During the early growth of such thalli the primary 
nucleus fragments by constriction into four daughter nuclei, but no further 
multiplication occurs until the incipient zoosporangia have attained almost 
mature size. Then, according to Griggs, follows a period of rapid amitosis, 
although he is not certain that this is the universal method of nuclear 
division. Nothing is said or known as to the mode of cell division. The 
parasite causes only slight hypertrophy of host cell, does not injure it 
perceptibly for a long time, and lives to some extent in a mutualistic rela- 
tionship with its host, according to Griggs. In the following year Nemec 
(1911) reported a new species, Olpidium Salicorniae, with both evanescent 
zoosporangia and smooth thick-walled resting spores. In the former the 
nuclei were found to divide mitotically and simultaneously. The resting 
spores were either uni- or binucleate, and in the former cases the nuclei 
always appeared peculiarly constricted, like two nuclei in the process of 
fusion. From such appearances Némec postulated the possibility that the 
resting spores are formed by the fusion of two small naked uninucleate 
thalli in the host cell, as in M. stevensianum, and that the binucleate char- 
acter and constricted nuclei of the resting spore might be stages in nuclear 
fusion. During the next year Némec (1912) also reported and figured regu- 
lar mitosis of the nuclei and progressive cleavage in the evanescent zoo- 
sporangia of O. Brassicae. The cleavage grooves or furrows usually begin 
at the periphery and progress inwards, but if the zoosporangium has a 
large central vacuole centrifugal furrows may also form. 

At the same time Kusano (1912) published an extensive account on 
the cytology of a new species, O. Viciae, in which he reports the fusion of 
motile isogametes to form binucleate motile zygotes which infect the host 
cell and develop into smooth, thick-walled resting spores. Karyogamy or 
nuclear fusion, however, does not occur until the spores begin to germi- 
nate. In the growth and maturation of the resting spore the gamete nuclei 
undergo remarkable changes, according to Kusano. The nucleole migrates 
to the outside of the nuclear membrane, and the nucleus then buds at the 
tip of the nucleole. This bud gradually increases in size and attains almost 
the same form, volume, and appearance of the main body, forming thus 
a dumbell-shaped structure with the nucleole between. The membrane of 
the bud then disintegrates, and the contents pass into the central vacuole 
of the spore. Kusano regards this budding as an unusual type of amitosis, 
since in the process the median nucleole is divided into two halves, one 
going into the bud and the other returning to the mother nucleus. How- 
ever, the subsequent degeneration of the bud indicates that this is only a 
peculiar type of nuclear extrusion. The first stage of germination of the 
resting spore is initiated by the conjugation of the gamete nuclei. The 
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diploid fusion nucleus then divides, but Kusano was unable to determine 
conclusively whether or not the first division is indirect and meiotic. He 
figures two metaphase spindles of the daughter nuclei, but failed to find 
any others and is therefore uncertain as to the universal mode of division. 
The zoospores which fail to fuse infect the host and form zoosporangia. 
During this development the nuclei multiply by an unusual type of amito- 
sis in which the nuclear membrane breaks down and the chromatin 
granules as such disappear. New nuclei are then formed, which subse- 
quently divide mitotically, as is well shown in his figures. In O. Viciae, 
thus, mitosis follows amitosis in the development of the zoosporangium. 
Kusano is quite ambiguous as to the method of cell division, but states 
definitely that it is not progressive cleavage. ‘“‘Clear spaces appear in the 
cytoplasm all at once between each two nuclei, cutting off the cytoplasm 
in as many polygonal parts as the nuclei.’’ In 1922 Némec described fusion 
of motile isogametes in O. Brassicae, confirming thus Woronin’s assumption 
that the resting spores in this species are formed sexually. In the same 
year Sawada (1922) likewise reported the same type of sexual reproduc- 
tion in O. Bothriospermi. In 1927 Guyot published a lengthy account on 
the systematic position, host range structure and development of A stero- 
cystis radicis but contributed nothing of significance cytologically. 

Schwartz and Cook (1928) reported a new species, O. radicale, in which 
the zoospores become motile again after entering the host cell. Later on 
fusion between small and large thalli, which are designated as antheridia 
and oogonia, occurs, which is followed by immediate karyogamy and the 
development of a thick wall around the zygote or resting sporangium. 
Although they did not actually observe the processes, they none the less 
describe the fusion nucleus as first dividing meiotically and later homeo- 
typically a great number of times to form a large multinucleate zoospo- 
rangium. The thalli which fail to fuse develop into thin-walled evanescent 
zoosporangia. Cell division or zoospore delimitation in both types of spo- 
rangia occurs by vacuolation of the cytoplasm, according to their descrip- 
tion. It is to be particularly noted that their observations were not made 
from fixed and sectioned material but only from mounts stained in toto. 
They failed to observe conclusive cases of cell fusion, karyogamy, and 
meiosis, and although they figure a few mitoses they are not certain but 
that amitosis may also occur. Their whole account of the life history and 
cytology of this species is woefully uncertain as to the critical stages, and 
seems to be largely a description by analogy to bring it in line with those 
of other observers. 

In 1929 Kusano described the life history of O. Trifolii in which he. 
found copulation of motile isogametes to form resting sporangia as in 
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O. Viciae. Fusion occurs only between gametes from different zoospo- 
rangia. In this species Kusano contributes nothing to our knowledge of 
nuclear and cell division. In 1931 de Wildeman described a new species, 
O. Stigeocloniit which causes marked hypertrophy of the infected Stigeo- 
clonium cells. They may become five and seven times their normal diam- 
eter and length respectively and are more or less completely filled by 
the chytrid zoosporangia. The presence of the parasite, however, does not 
stimulate them to division as has been noted above in cases of infection 
by Synchytrium. The young parasite takes up a central position in the 
cell adjacent to and partly surrounded by the band-shaped chloroplast, 
and as it enlarges the latter is compressed and flattened against the cell 
wall. The plastid is not particularly injured at first and does not become 
disorganized until after the parasite has matured, according to de Wilde- 
man. Cytokinesis or the formation of the zoospores is quite unique and 
so unlike that of other species that one is inclined to regard it as abnormal. 
The protoplasm of the zoosporangium oozes out of the neck, and succes- 
sively from this mass individual rounded globules separate or are pinched 
off one by one. ~ilia may develop while the globules are still attached to 
central mass, but they are lost almost at once so that the zoospores never 
swim about actively. Movement is accordingly only amoeboid. 

Miss Sampson recorded a new species, O. Agrostidis, in 1932, and 
followed carefully its developmental stages in the host cell. No fusion of 
gametes was observed, but since the resting spores are invariably binu- 
cleate until maturity she believes they onginate by copulation of zoo- 
spores. Nothing is reported on the type of nuclear and cell division, al- 
though Miss Sampson gives a number of figures of fixed and stained thalli. 
The latest contribution to the cytology of the Olpidium, as far as I am 
aware, is by Cook and Collins in 1935 on O. majus. They reported fusion 
of thalli in the root hairs of cucumber to form diploid resting spores as 
in O. radicale. They did not, however, actually observe the process of 
fusion, but enly figured resting spores with a smaller empty thallus at- 
tached, which is interpreted as the male gamete. No nuclear fusion was 
seen, but karyogamy apparently occurs at once, since no binucleate spores 
were found. Neither was nuclear division observed. Cook and Collins de- 
scribed cleavage furrows which delimit the zoospores, but it is not ob- 
vious from either their drawings or account whether the furrows occur 
simultaneously throughout or develop progressively. 

In another genus, Cystochyirium, whose taxonomic position and rela- 
tionship with the chytrids is still obscure but which nevertheless resembles 
Olpidium to some degree, Cook (1929, 1932) described and illustrated 
clearly defined simultaneous mitotic figures in the equatorial or meta- 
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phase stage. No other stages were observed, and nothing further is known 
regarding cytokinesis, host-parasite relationship, and sexual reproduction. 

In Pleolpidium, Septolpidium, Pleotrachelus, Plasmophagus, Sphaerita, 
and Nucleophaga nothing is known of nuclear division, and the fragmen- 
tary accounts of cytokinesis are based primarily on living material. The 
young protoplast of Pleolpidium, according to Cornu, Fischer, Butler and 
others lies more or less naked in the host hyphae and completely sur- 
rounded by but immiscible with their protoplasm. As it grows in size the 
host hyphae and sporangia enlarge and eventually become vesicular in 
the region of infection, but with the exception of parasitism by P. irregu- 
lare (Butler, 1907) the former are not stimulated to divide, according to 
the descriptions in the literature. At maturity the parasite completely 
fills the host vesicle or gall, and its wall or membrane is reported to fuse 
with or become so closely appressed to the host wall that the two are 
indistinguishable. None of the species have been studied cytologically 
from fixed and stained material, so that the exact relation of the host 
and parasite walls as well as the nuclei and cytoplasm is yet unknown. No 
sexuality has yet been described in this genus, but according to Butler a 
number of protoplasts from separate and individual zoospore infections 
may fuse inside of the host and form a plasmodium. He does not, however, 
state whether or not any nuclear union results from such fusion. In Septol- 
pidium the division of the elongated thallus into a linear series of zoospo- 
rangia is progressive and centripetal, according to Sparrow (1936b), while 
the zoospores are delimited by progressive cleavage. 

It is doubtless questionable whether all species of the genus Pleo- 
trachelus should be included here in light of Petersen’s (1905) and Spar- 
row’s (1936b) observations that the zoospores of P. Andreei are biciliate. 
Since this character has been found in only one species, P. Andreei should 
perhaps be removed from the genus as Sparrow has recently done. Pleo- 
trachelus fulgens on Pilobolus has much the same effect as Pleopidium, 
Ol pidiopsis, and Pseudolpidium on the host cells. The infected host hyphae 
and sporangia enlarge and become somewhat vesicular and may occasion- 
ally be delimited by cross septa, according to Zopf’s figures. It is not ob- 
vious, however, whether the enlargement is accompanied by an increment 
of host protoplasm or by marked vacuolation. At any rate the host pro- 
toplasm becomes conspicuously discolored and may change to yellow and 
intensely orange or golden red with the growth and development of the 
parasite. In the other species of Pleotrachelus described by de Wildeman 
(1893), Petersen (1905), Lund (1930) and Sparrow (1934), hypertrophy of 
the host cell may be very slight or lacking entirely, according to the re- 
ports. In a species closely similar to P. Andreei Sparrow found small com- 
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panion cells or thalli attached to the developing and mature resting spores, 
and although he did not see actual fusion he believes the latter are formed 
as the result of fertilization. 

The genus Plasmophagus has been even less studied than the two pre- 
ceding ones and contains only a single species, P. Oedogoniorum, which 
was first reported by de Wildeman in 1895. He described it as almost com- 
pletely filling the Oedogonium cells at maturity and being to a certain 
degree indistinguishable from the host protoplasm. Its walls, however, 
always remain distinct from those of the host. According to de Wilde- 
man the nuclei of the host cell may continue to divide for some time, but 
cell division is inhibited. As a result greatly elongated and multinucleate 
cells are formed, and in 7ribonema these may enlarge to almost twice 
their normal diameter, according to Sparrow (1933). The host protoplasm 
is almost completely consumed by the parasite at maturity and may occa- 
sionally form a thin discolored disintegrating residual layer around the 
periphery. Neither de Wildeman nor Sparrow contributes anything to our 
knowledge of nuclear and cell division of the parasite. 

The genus Sphaerita has been recorded rather extensively, particu- 
larly by protozoologists, since its discovery by Dangeard in 1886, but in 
spite of this we know very little as to the cytology of its critical stages. 
While a large number of these studies (Chatton and Brodsky, 1909; 
Dobell, 1919; Dobell and O’Connor, 1921; Cunha and Muniz, 1923; Kes- 
sel, 1924a and b; Brumpt, 1926; Becker, 1926; Li-Yuan-Po, 1928; Jirovec, 
1933; Crouch, 1933; Brumpt and Lavier, 1935) relate to fixed and stained 
preparations they nevertheless fail to show anything significant about the 
processes of nuclear and cell division. These studies have been primarily 
concerned with the cytology of the host, and their discourses on Sphaerita 
and Nucleophaga relate only indirectly to isolated stages of development 
which occurred sporadically in their material. Dangeard (1886, 1889, 1895) 
described cytokinesis in S. endogena as a simultaneous breaking up or 
fragmentation of the protoplasm in the zoosporangia into polyhedral seg- 
ments, and in 1889 showed stages in the fusion of uniciliate zoospores to 
form biciliate zygotes (fig. 8, pl. 3). He was not certain, however, that 
resting spores always result from such fusion, and finally in 1933 after 
describing the biciliate character of the zoospores of Pseudosphaerita he 
raised the question whether the zygote previously described for Sphaerita 
may be nothing but the zoospores of the other genus. In the same species 
apparently, Nagler (1911) describes the nucleus as undergoing constriction 
and promitosis, and later fragmentation, while his account of cytokinesis 
and zoospore formation is very confusing and difficult to interpret in light 
of Dangeard’s description. Chatton and Brodsky failed to observe zoo- 
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spore fusion in a species of Sphaerita which they found in Amoeba limax, 
but nevertheless believe it occurs in this form also and is general for the 
whole genus. As to cell division, they describe the cytoplasm as condensing 
around the nuclei and secreting a thin spore membrane. Penard (1912), 
on the other hand, while studying the same species apparently saw what 
he claims to be conjugation of quiescent (fig. 33) swarmspores. In S. 
endamoeba Becker describes and figures the nuclei as deeply staining bodies 
lacking membranes or any other structural differentiation, which divide 
more or less simultaneously in bipartite fashion without any evidence of 
spindle figures. When the sporangia are mature the nuclei enlarge some- 
what, stain less intensely, develop membranes, and become the zoospores 
directly. This account of Becker is quite unlike that of any previous and 
subsequent investigator, and it is not improbable that his unusual descrip- 
tion is based on poorly fixed and stained material. Crouch on the other 
hand, describes and figures the thallus of S. trichomonadis as undergoing 
more or less regular and simultaneous bipartition to form the spores, while 
the nucleus is represented as a small black dot surrounded by a clear 
space. 

The relation between Sphaerita and its host is rather unusual in many 
respects, since the parasite does not kill the active host cell until quite 
late. Sphaerita endogena in Euglena may often reach maturity, according 
to Dangeard (1895) and produce zoospores before any marked effect is 
visible in the host cell, and in many cases the Euglena may return to nor- 
mal appearance and activity after the parasite has been expelled. Puy- 
maly (1927), however, denies this and maintains that the ciliary motion 
of Euglena almost always ceases after infection, but spasmodic action may 
continue until the zoospores of the parasite are liberated. He furthermore 
describes the zoospores as biciliate with a long posterior and a shorter 
anterior cilium, and fails to confirm Dangeard’s account of fusion. In 
light of the fact that Pseudosphaerita parasitizes the same host and has 
biciliate zoospores, according to Dangeard (1933), it is not improbable that 
Puymaly may have confused this organism with Sphaeriia. Sometimes the 
hosts encyst and thus inhibit the development of the sporangia. Usually, 
however, the host nucleus becomes spongy, the chromatin condenses, the 
nucleole disappears, the chromatophores turn yellow and disintegrate, 
while the cytoplasm becomes thinner and less in quantity, and finally the 
cell bursts. In Nuclearia and Heterophyra (Dangeard, 1886a and b), on 
the other hand, S. endogena has but little deleterious effect at first, and 
the host cells may continue to divide so that the parasite is distributed 
to one of the daughter cells. Later, however, it inhibits division. In the 
cells of various amoebae, according to Chatton and Brodsky, Mattes 
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(1924), Becker and Dobell, Sphaerita has no marked toxic effect, and 
injures primarily by encumbering and impoverishing the host. In its young 
stages the ingested spore is indistinguishable from ordinary food particles 
lying in the vacuoles, and the membrane around the developing parasite 
is scarcely perceptible. The amoeboid motion of the host continues un- 
changed for a considerable length of time, but gradually becomes slower. 
At the same time the amoeba becomes more spherical in shape with the 
pseudopods assuming a radial direction. The contractile vacuole continues 
to function for a long time, but eventually its rhythmic pulsation ceases 
and it disappears altogether. However, the fundamental structural ap- 
pearance of the cytoplasm and nucleus is retained for a long time, and the 
nucleus may often remain intact after the rest of the host has been de- 
stroyed. According to Penard the amoebae may often rid themselves of 
the parasites like extraneous food particles and continue to live normally. 

Nucleophaga, a questionable genus which may perhaps be related to 
Sphaerita, was first described by Dangeard in 1895 as a parasite in the 
nuclei and nucleolus of various rhizopods, and since that time a large num- 
ber of additional species have been reported by Gruber (1904), Penard 
(1905), Mercier (1907, 1910), Elpatiewsky (1907), Doflein (1907), Ep- 
stein (1922), Brug (1926), Kirby (1927), Lavier (1935a, 1935b), Brumpt 
and Lavier (1935) and others. According to Dangeard and subsequent 
workers the parasite enters the nucleus and nucleole and appears first as 
a small vacuole with a central granule which represents its nucleus. It 
grows at the expense of the chromatin, karyolymph, and nucleole and 
soon fills the nuclear cavity, and with subsequent development the nucleus 
becomes greatly distended and enlarged. In cases where the nucleole is 
not infected it is shoved aside by the developing parasite and flattened 
against the nuclear membrane into a crescentic disk. Later it may break 
up into fragments and disintegrate or be partially consumed. At maturity 
the entire thallus of the parasite is transformed into zoospores. The man- 
ner in which this occurs is as yet little understood in spite of all the studies 
which have been made. Dangeard describes cytokinesis as taking place 
simultaneously, but none of the subsequent investigators have contributed 
anything further on the process. Likewise nothing is known as to the 
method of nuclear division. Doflein was the first to observe the motility 
of the zoospores, and described their fusion to form biciliate zygotes. These 
encyst and later on germinate to form amoeboid thalli. Doflein’s account 
is the only report so far of sexual reproduction in this genus. 

As to the effect of Nucleophaga on the activity of its host, most investi- 
gators are agreed that parasitized amoebae show little if any immediate 
effect. Dangeard and Gruby in particular report that the host moves about 
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and feeds normally even when the nucleus is enormously distended and 
filled with parasites. Normal activity may continue for some time after 
the nucleus has been completely destroyed, but the pseudopodial move- 
ment gradually becomes slower and ceases entirely. The amoebae eventu- 
ally round up, and as the zoosporangia of the parasite open and the zoo- 
spores escape the host cell begins to disintegrate. Nucleophaga feeds pri- 
marily on the chromatin reticulum and nucleole, but according to Dan- 
geard it may also draw nourishment from the cytoplasm outside. In this 
process the nuclear reticulum is gradually absorbed and disappears as 
such, while the nucleole may become less basophilic and finally disinte- 
grate into fragments. 

Whether Blastulidium, Endoblastidium, Coelomycidium, Chytridiopsts, 
and Chytridioides belong in this family or are to be considered as chytrids at 
all is highly problematical. In the last three decades many protozoologists 
have tentatively assigned a number of genera and species to this family 
which do not appear to fit into any groups of the Protozoa. In some re- 
spects their development and life histories are similar to Olpidium, Nucleo- 
phaga, and Sphaerita, but they are as yet imperfectly known. Blastulidium 
paedo phihorum was first described as a parasite of eggs and young embryos 
of Daphnia obtusa by Perez in 1903 and 1905. Its thallus is oval with a 
thin limiting membrane and a large central vacuole, and at maturity is 
divided up completely, as in the Olpidiaceae, into polyhedral segments 
which round up to become spores. Perez does not report any evidence of 
sexuality nor describe nuclear and cell division, but his figures suggest 
at least that the latter process occurs by progressive cleavage. He placed 
this species in the family Haplosporidiidae, but in 1905 Caullery and Mes- 
nil transferred it to the Coelosporidiidae. Finally in 1908 Chatton found 
the uniciliate zoospores, and on this basis primarily assigned the genus 
provisionally to the chytrids in the neighborhood of the Olpidiaceae. 

Coelomycidium attacks and destroys the proximal adipose tissue of 
the larvae of Simulium, according to Debaisieux (1920), and is strikingly 
similar to Olpidium in vegetative structure and asexual reproduction. 
Debaisieux was unable to differentiate the successive stages of mitosis in 
his fixed and stained material of the incipient zoosporangia, but neverthe- 
less describes division as indirect and bipolar and figures numerous nuclei 
which are undoubtedly in various phases of division. He describes the 
thallus as a plasmodium and figures a number of stages of progressive 
cleavage in the formation of the zoospores. No sexual reproduction was 
observed, and the thick-walled hyaline resting spores which appear in the 
winter may occur singly or in groups held together by a common mem- 
brane. They may be uni- or multinucleate, and the nuclei are described 
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as dividing by bipartition, although Debaisieux found one case of indirect 
division. From his figures it seems probable that karyokinesis is indirect 
throughout and that the stages of bipartition are abnormal, as Rytz ob- 
served for Synchytrium. 

Endoblastidium was first described by Codreanu in 1931 as a parasite 
in the coelomic cavities of larvae of Baetis Rhodani and Rhitogena semi- 
colorata and bears considerable resemblance to Coelomycidium and Olpi- 
dium in some respects. It is primarily an inhibitory parasite, according 
to Codreanu, which suppresses the growth and development of the organs, 
and at maturity is ejected from the anus of the host. In its vegetative 
stage the thallus is somewhat irregular in shape and plasmodium-like, but 
becomes oval and surrounded by a fairly thick membrane at maturity. 
After ejection from the host it is completely divided up into uniciliate 
oval zoospores which escape through an elongated slit or cleft. Codreanu 
figures a number of nuclear changes which suggest early prophases of 
mitosis, but does not describe the manner of cytokinesis or report any 
evidence of sexuality. 

Chytridiopsis, according to Schneider (1884) and Leger and Duboscq 
(1902, 1909), is a parasite of the intestinal cells of Blaps mucronata which 
causes marked distention of the epithelial cells and leads to the destruction 
of their cytoplasm and nucleus. The thallus begins as a small uninucleate 
oval corpuscle in the basal part of the cell which increases rapidly in size 
and at maturity divides into a large number of spores. In this process 
the nucleus of the host cell becomes flattened on one side and begins to 
degenerate, and when zoosporogenesis is complete the degenerated host 
cell and parasite are expelled from the epithelial layer. The spores are thus 
liberated into the intestine, become amoeboid, and infect other cells. No 
flagellated stage has so far been observed. According to Leger and Duboscq 
certain thalli form amoeboid micro- and macrogametes which fuse to form 
a zygote. The latter develops into thick-walled resting cysts which are 
eventually expelled with other excrement from the intestines. Neither of 
the observers describes nuclear and cell division, and their account of sexu- 
ality is rather obscure and unconvincing. Schneider considered this genus 
as a primitive chytrid, while Caullery and Mesnil, regarded it as a member 
of the family Haplosporidiidiae. Leger and Duboscq, on the other hand, 
believe it to be related to primitive mycetozoa resembling the Monadinae. 
Chytriodes Schizophylli is closely similar to Chytridiopsis socius according 
to Tregouboff (1913) and parasitizes the epithelial cells of the middle 
intestine of Schizophyllum mediterraneum. The young thallus is more or 
less spherical with a single nucleus which is represented by a granule and 
completely devoid of a membrane. As it increases in size the nuclei mul- 
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tiply, and at maturity it is cut up into uninucleate polyhedral segments, 
which become amoeboid and are expelled from the sporangium and the 
infected epithelial cell. No cilia have so far been observed and Tregouboff 
shows nothing of nuclear and cell division. As to its relation to the host 
cell, Ch. Schizophylli distends the latter considerably and depresses the 
nucleus to one side. However, no marked changes occur in the nucleus and 
cytoplasm according to Tregouboff’s figures and description. A thick- 
walled resting spore or cyst is frequently formed, and Tregouboff believes 
it arises from the union of small and large fusiform gametes, although he 
did not observe the process of fusion. The young zygote or cyst increases 
in size, but instead of giving rise to spores directly divides into locules or 
compartments in a fashion very suggestive of sporange formation in the 
sorus of Synchyirium. Each compartment gives rise to spores, but in the 
process the partitioning walls are gradually resorbed, so that the mature 
resting cyst is unilocular and filled with round spores. It is quite obvious 
from these descriptions of Schneider, Leger and Duboscq and Tregouboff 
that Chytridiopsis and Chyiridioides are very questionable chytrid genera, 
and in our present state of knowledge they should perhaps be excluded 
entirely. 

From this summary of the literature on the Olpidiaceae it is apparent 
that no adequate and detailed description of nuclear and cell division has 
yet been given in any of the numerous species. The nuclei have been de- 
scribed as fragmenting, budding, and dividing both directly and indirectly, 
and for the latter type only a few isolated equatorial plate stages have 
been shown. For cytokinesis we find, with only one or two exceptions, 
scarcely more than the general descriptive terms. “Clear spaces appear 
in the cytoplasm . . . cutting the cytoplasm into as many polygonal parts 
as the nuclei’; ‘“‘whole structure becomes cut up into a large number of 
uninucleate zoospores’’; “‘contents divide up into a large number of sepa- 
rate areas,’ etc., without any convincing figures to accompany them. 

In no species has meiosis yet been described, although fertilization has 
been reported in more than half a dozen members of this family. As to the 
types of sexual reproduction, fusion between motile isogametes has been 
reported in five species, and copulation of small male and larger female 
thalli or so-called antheridia and oogonia has been described for four addi- 
tional members, excluding Chytridiopsis and Chytridioides. In all of these 
cases the gametes are uninucleate at the time of fusion. Sexual reproduc- 
tion in Pseudolpidiopsis Schenkiana and other species of this genus, how- 
ever, is identical with that of Olpidiopsis Saprolegniae of the family Wor- 
oninaceae in which the gametes are multinucleate, but no cytological study 
has yet been made to determine whether or not it is similar in this latter 
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respect also and that the gametic nuclei fuse in pairs. Karyogamy may 
immediately follow plasmogamy, but in the majority of described species 
it is delayed until germination of the zygote or resting spore. 

The host-parasite relationship in this family has not been studied as 
intensively as in the Synchytriaceae, with the exception perhaps of Sphae- 
rita and Nucleophaga, but it is apparent from the literature that the reac- 
tion of the host in the majority of cases is not as marked as in the latter 
family. In most species which have been studied cytologically the host 
cells and cell organs have been reported to enlarge to several times their 
natural size, particularly if young at the time of infection, and the adja- 
cent healthy cells become greatly compressed, distorted, and elongated. 
The mass enlargement of an infected region is thus due primarily to hyper- 
trophy of the parasitized cells. However, the production of galls is not 
nearly as pronounced as in the Synchytriaceae. Furthermore, the host 
nuclei are not conspicuously enlarged, distorted, nor do they become re- 
ticulated and furrowed. No nucleolar growth and fragmentation has been 
described as the result of parasitism. In Monochytrium stevensianum, 
according to Griggs, the host nucleus retains its finer structure and stain- 
ing reaction until the cell is killed, and the relation between host and 
parasite appears to be somewhat mutualistic. In Olpidium Viciae and 
O. Trifolii Kusano reports the host nucleus as becoming only slightly en- 
larged or compressed, while the increased cytoplasm is scarcely perceptible. 
In O. Sphacellarum, according to Sparrow (1936) the young thallus at- 
taches itself to the nucleus of the host cell, and in the lateral branches of 
Sphacelaria causes pronounced swelling of the infected region. Similar 
swellings or hypertrophy of the infected host cells has been reported by 
de Wildeman (1895) for Pseudolpidiopsis Zopfii and P. fibrillosa. It is not 
certain, however, that these species belong in the genus Pseudolpidiopsis, 
since the zoospores and the number of cilia which they bear have never 
been observed. 

In Olpidium Salicorniae Némec has described and figured marked 
hypertrophy of the infected host cells also. Furthermore, as the germ 
tube penetrates the host wall, the latter develops internal cellulose ex- 
cresences or caps which envelop it and may become elongated into tubular 
canals which traverse the lumen of the cell. These excrescences are 
quite similar to those described by Scherffel for algal cells parasitized by 
rhizidiaceous species, and their formation is apparently a reaction on the 
part of the host which prevents the entry and spread of the parasites. 
Cellulose caps of a similar nature but reduced in size have also been de- 
scribed by Griggs for M. stevensianum. 
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RHIZIDIACEAE 


This family contains without doubt the largest number of genera and 
species, and is the second of the chytrid families in which indisputable 
sexuality was first observed. In 1877 (b) and 1878 Nowakowski described 
in detail the life history and development of Polyphagus Euglenae and 
P. parasiticus and showed that the spiny and smooth-walled resting spo- 
rangia are formed by the conjugation of male and female thalli of unequal 
size. The smaller or male thallus sends out a long conjugation tube which 
comes in contact with the larger female thallus, and a zygospore is formed 
at the tip of this fusion canal. Very little further was contributed to the 
cytology of this family until 1898 and 1899, when Wager gave a short 
preliminary account of the structure and behavior of the nuclei in resting 
spore formation in P. Euglenae. The male nucleus and cytoplasm enter the 
incipient zygospore or swelling first, and are then followed by the female 
protoplast. The former is at first smaller and less chromatic, but with 
continued growth of the zygospore it gradually attains the same size and 
appearance as the female nucleus. Karyogamy is delayed until germina- 
tion. The zygospore forms a tubular vesicle or sporangium into which 
both gamete nuclei migrate and finally fuse. In the next year Dangeard 
(1900) published an extended cytological account of the same species in 
which he showed that the nuclei of the zoosporangia divide mitotically 
and simultaneously but without centrosomes or astral radiations. The 
division spindle is completely intranuclear, and after karyokinesis is com- 
pleted the sporangium is cut up into polyhedral segments simultaneously. 
He confirmed in general Wager’s description as to nuclear behavior during 
fertilization, but maintained that the female nucleus was the first to enter 
the incipient zygospore. 

Finally in 1913 Wager gave his compieted report on the cytology of 
P. Euglenae. Nuclear division in both zoosporangia is mitotic and simul- 
taneous with intra-nuclear spindles. Wager describes the structure of the 
resting nucleus and the later stages of mitosis but contributes very little 
to our knowledge of the prophases. No evidence of centrosomes was ob- 
served in the prophases, but after the spindles have been fully formed, 
they push through the nuclear membrane at the poles, and polar radiations 
then appear in the cytoplasm. His account of cell division in the sporangia 
is not particularly elucidating as to the exact manner by which it occurs, 
but from his figures together with the description given it appears to be 
identical to the process of progressive cleavage as described by Harper 
for Synchytrium decipiens. The two gametic nuclei in the young zygote 
begin to extrude two large separate masses of chromidia which ultimately 
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fuse in the cytoplasm. In this process the nuclei become quite small, and 
Wager describes them accordingly as generative nuclei. As the zoospo- 
rangium is formed in germination they pass out of the spore and fuse like- 
wise. Thus, according to Wager, double fusion occurs in P. Euglenae— 
chromidial fusion in the spore and nuclear fusion in the sporangium. The 
nucleus is thus regarded as having a dual character: the chromidia repre- 
sent the trophic or somatic element and the small nuclei the hereditary 
or generative element. Wager thus adopts Hertwig’s, Schaudinn’s and 
Goldschmidt’s “‘chromidial hypothesis” to explain the peculiar behavior 
of the nuclei in the germination of the zygospore of Polyphagus Euglenae. 
In 1925 Scherffel confirmed the observations of Nowakowski (1878) on 
P. parasiticus as to its development and sexuality, but contributed no 
further cytological details. 

According to Nowakowski, Fisch (1884), Dangeard (1900) and Scherffel 
the prosporangium may encyst and develop into a resting spore without 
fusion. Such spores, according to Dangeard, may be readily distinguished 
from the zygote by their uninucleate character, thin, single-layered wall, 
and fewer, minute refractive globules. He and Scherffel regard this as 
parthogenetic development. The latter has also figured smaller spiny 
spores which appear as if they were the encysted prosporangia of the 
small so-called male thalli. If such thalli are definitely male it is obvious 
that the small spores have been formed androgenetically. 

Fisch has cast considerable doubt on the sexuality of the resting spores 
by the observations that in wich cultures of Polyphagus numerous thalli 
may anastomose and form an intricate network with numerous spores 
between them. He believes that fusion between two thalli is either fortui- 
tous and accidental or a means of nourishing and rejuvenating a small 
weak thallus which is incapable of independent existence. Zopf (1890, 
p. 561) takes the same viewpoint. This conception, however, was formed 
before anything was known concerning the behavior of the nuclei in fusing 
thalli. 

In the meantime Lowenthal (1905) had described a new Chytridium- 
like, operculate species, Zygorhizidium Willei, whose sexual reproduction 
is somewhat similar to that of P. Euglenae. Small uninucleate male and 
larger female thalli or gametangia occur on the same host cell; and the 
former then develops a lateral, continuous conjugation tube of varying 
length in the direction of the female, with which it eventually fuses. The 
uninucleate protoplast of the so-called antheridium migrates through the 
tube into the larger thallus, and plasmogamy occurs at once. Nuclear 
fusion apparently does not immediately follow, since Lowenthal has ob- 
served binucleate zygotes long after fusion had occurred. In any event a 
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thick wall soon envelops the diploid cell, and the smooth mature resting 
spore is formed. Both Lowenthal and Scherffel (1925) believe that the 
female thallus may occasionally encyst and develop into a resting spore 
parthenogenetically, and it is not improbable that the male thalli may 
likewise do so. The sexuality of these so-called male and female thalli does 
not appear too strongly fixed, since if they fail to copulate they may de- 
velop directly into vegetative zoosporangia. As to where in the life cycle 
sex segregation occurs nothing is known. Neither Lowenthal nor Scherffel 
has determined whether the zoospores which develop into male and female 
thalli respectively come from the same or different zoosporangia. 
Scherffel maintains that Zygorhizidium is but a form of Chytridium 
which develops its resting spores sexually and extramatrically. Accord- 
ingly he proposes the alternative sub-generic name Ectochyiridium for it 
and includes tentatively Chytridium Confervae Wille, Ch. chaetophilum 
Scherff., Ch. Characit Scherff. and Ch. Spirotaeniae Scherff, with it. 
Lowenthal describes nuclear division in the zoosporangia as being 
mitotic, although he did not observe any sharp and well-defined figures. 
As to cell division, the cytoplasm first clumps or concentrates around the 
nuclei, and then the whole protoplast breaks up into uninucleate segments. 
In 1907 Serbinow described the life history, development, and sexuality 
of a new completely extramatrical species, Sporophilyctis rostrata, which 
may well be considered in this place, although its taxonomic position and 
relationship are obscure. Sexual reproduction occurs by the fusion of a 
small male and a larger female thallus. The smaller attaches to the larger, 
and the content of the latter migrates through a pore into the former, 
which then forms a spiny outer wall. Karyogamy follows plasmogamy at 
once. The thalli which do not fuse develop into evanescent sporangia and 
form uniciliate but non-motile spores. These are liberated when the 
sporangium wall breaks and develop into thalli. Serbinov does not figure 
or describe nuclear division, meiosis or cytokinesis. Petersen established a 
new rhizidiaceous genus, Siphonaria, in 1910 for which he described and 
figured an unusual type of reproduction. ‘‘A rhizoid-like thread from a 
sporangium fuses with a similar thread from another,” forming presum- 
ably a conjugation canal through which the content of one sporangium 
passes completely into the other. The latter then becomes larger and in- 
vests itself with a thick, brown, smooth wall. Sparrow confirmed this ac- 
count of sexual reproduction in Siphonaria variabilis in 1935 and extended 
it to the closely related genus Rhizoclimatium also, and in 1936 Ledingham 
described sexual fusion through the rhizoids of separate thalli in Rhizo- 
phidium graminis. However, he only observed the intermingling and con- 
tact of rhizoids and did not actually see fusion of the two protoplasts. 
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Ledingham also found fusion of zoospores in this species but he appar- 
ently does not believe that this leads to the formation of resting spores. 
Recently Sparrow (1936c) has presented data to show that the resting 
sporangia of Diplophlyctis intestina are formed as the result of fusion of 
two thalli by anastomosis of their rhizoids and the migration of the pro- 
toplasm of one into the other in the same manner as in Siphonaria and 
Rhizodosmatium. Although I have had this species under more or less 
continual observation for a number of years I am unable at the present 
time to confirm his report. Minute empty thalli have frequently been 
found in the vicinity of young developing resting sporangia, but it has 
been impossible to determine with certainty anastomosis between the 
rhizoids because of the opacity of the host cell wall. More favorable meth- 
ods of growing this chytrid must be developed before Sparrow’s contention 
can be conclusively settled. As has been described in a previous paper 
(1936a) I have frequently found individual thalli bearing micro- and 
macrozoospores respectively, and there is thus the possibility that D. 
intestina is heterothallic. So far, however, no fusion between the two types 
of motile cells has been observed, and it is likewise probable that the two 
thalli represent distinct species. 

With the exception of these studies on Polyphagus, Zygorhizidium, 
and Sporophlyctis very little additional has been contributed to the cytol- 
ogy of this widely diverse group. Némec described and figured a few curi- 
ous uninucleate, rhizidiaceous and amoeboid thalli of his new species, 
Entophlyctis Salicorniae in 1912, about which there is still considerable 
doubt. Subsequent papers have dealt primarily with morphological de- 
velopment and occasional records of sexual reproduction. In 1924 Gimesi 
figured what looks like fusion of motile gametes in Phlyctidium Eudorinae 
which is followed by resting spore development from the zygote. Scherffel 
(1925) reported and figured the conjugation of male and female thalli in 
Chytridium Characi, C. Spirotaeniae, C. Confervae, C. chaetophilum, Rhizo- 
phidium asterosporium, R. parasitans, Rhizophidium sp., R. goniosporium 
and R. fallax. In the first two species long conjugation tubes are formed by 
the male thallus which eventually fuse with the female as in Z. Willei. 
In the other species the female thallus is figured as attached to the host 
cell, while the motile male gamete fuses with it. It is to be noted, however, 
that Scherffel does not show the actual fusion and development of the 
resting spores in all of these species, but merely figures such cysts with 
small empty adhering vesicles or companion cells which he interprets as 
having been the male gametes. In Rhizophidium granulosporium, on the 
other hand, the motile male gamete apparently comes to rest and germi- 
nates on the host cell, and then fuses with a motile female gamete which 
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becomes attached to it in this sessile condition. In 1932 Couch described 
“oogonia and antheridia”’ and their fusion to form resting spores in Rhizo- 
phidium globosum. In 1933 and 1935 Sparrow reported and figured an 
unidentified species of Rhizophidium in which motile isogametes germinate 
and infect the host cell side by side, and then develop a definite conjugation 
canal between them through which the contents of one moves into the 
other. The latter then grows in size to become the resting spore. Later in 
1936 (b) he figured a somewhat similar type of sexual reproduction in 
R. goniosporium but in which the conjugation canal is not evident, con- 
firming thus Scherffel’s earlier account. In 1935 Couch described the 
motile male gamete in R. ovatum as germinating on the host cell and sub- 
sequently fusing with an active female gamete which becomes attached to 
it in the same fashion as Scherffel described for R. granulosum. The con- 
tent of the minute male thallus migrates into the female gamete, nuclear 
fusion occurs, and a diploid resting spore is thus formed on top of the 
empty male gamete. In Philyctidium anatropum fusion of motile iso- 
gametes or zoospores side by side is figured and described, although Couch 
did not observe and follow their development into zygotes or resting 
spores. Scherffel’s, Couch’s, and Sparrow’s observations are confined largely 
to living material or thalli fixed and stained in toto and as a consequence 
show nothing of nuclear structure, mitosis, and very little of cell division. 

In Rhizophidium Beauchampi, which may possibly be a species of 
Phlyctochytrium because of the presence of a sub-sporangial swelling or 
apophysis, Hovasse (1936) has recently shown that nuclear division in 
the zoosporangia is distinctly mitotic and simultaneous. While he has not 
described and figured the prophase stages, he nevertheless shows that the 
division spindle is intranuclear and oriented on two granules or centro- 
somes which lie inside of the nuclear membrane. He does not, however, 
describe cytokinesis, but merely states that it is preceded by the appear- 
ance of osmiophilic vacuoles at the poles of the nucleus. 

In two recent papers (1936a and b) Sparrow has described sporangial 
proliferation in his new genus and species Traustochytrium proliferum and 
Rhizophidium simplex. In the latter species he figures a number of small 
incipient zoosporangia developing within the.old empty ones. In view of 
what I have frequently observed in other rhizidiaceous chytrids I am 
inclined to believe that this is nothing but germination in situ of trapped 
zoospores. In Diplophlyctis, Chytridium, Phlyctochytrium and Endochy- 
trium I have (1936b, 1937a, 1937b) often found zoospores which failed 
to escape and later germinated in the old sporangium. In numerous cases 
the germ tubes have grown down into the apophysis and rhizoidal system, 
and with subsequent development the thalli have attained maturity. If 
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only the later developmental stages of such thalli are observed one may 
readily get the impression that the old sporangia are proliferating. Secon- 
dary and tertiary sporangia within each other, such as I have observed in 
these genera, have also been described by Raitchenko (1902) in Rhizo- 
phidium sphaerocarpum. Previous to this time, however, Nowakowski 
(1877a), Rosen (1887) and de Wildeman (1895a) had reported sporangial 
proliferation in Rhizidium mycophilum, Phlyctochytrium Zygnematis and 
Rhizidiomyces Spirogyrae, but their accounts have not been confirmed. 

True sporangial proliferation, as it has been described for Cladochy- 
trium, Nowakowskiella and members of the Saprolegniales, is quite differ- 
ent from this and involves either: (1) the penetration of empty sporangia 
by a portion of the thallus beneath and its subsequent development into 
a sporangium itself; or (2) unequal and incomplete cleavage whereby a 
part of the nucleated protoplasm remains behind and in continuity with 
the remainder of the thallus and later grows and matures into an organ of 
reproduction. In the first category it is essential that the mycelium, rhizo- 
mycelium or rhizoids apart from the sporangia are nucleated; otherwise 
no proliferation could occur. As has already been noted elsewhere, how- 
ever, the meager evidence in the literature on the rhizidiaceous chytrids 
does not support this assumption. In the few species which have been 
studied cytologically the nuclei are confined to the zoosporangia and rest- 
ing spores and do not occur in the rhizoids. 

Proliferation of the first type or category appears at present to occur 
only in polycentric thalli whose nuclei are variously distributed and not 
localized entirely in the organs of reproduction. 

The second type of proliferation, on the other hand, does apparently 
occur in the Rhizidiaceae, and has been repeatedly described for Harpo- 
chytrium. While this genus does not appear to be a valid member of the 
chytrids it has many characteristics in common with them. The proto- 
plasm in the lower part of the sporangium is delimited at the time of 
zoosporogenesis and remains undifferentiated, while that in the upper two- 
thirds undergoes cleavage into zoospores. The former subsequently grows 
and fills up the initial sporangium, and the same process is again dupli- 
cated. Gobi (1899), however, disagrees and maintains that this is nothing 
more than the germination and development of a zoospore which has been 
kept behind in the sporangium. Dangeard (1903) describes the zoospo- 
rangia as sometimes being completely emptied, and later rejuvenated to 
form additional secondary sporangia. This is obviously impossible when 
no nucleated protoplasm is left behind in the stalk or flattened holdfast 
and foot. Proliferation in Traustochytrium proliferum is apparently of the 
Harpochytrium type. According to Sparrow a large globular portion of 























CYTOLOGY OF THE CHYTRIDIALES 71 


protoplasm in the base of the sporangium remains unchanged, while the 
remainder undergoes cleavage into zoospores. After these have been carried 
away it increases in size and becomes transformed into a secondary 
zoosporangium. 

Extensive proliferation of the rare monocentric, rhizidiaceous thalli in 
Physoderma maculare, P. Zeae-maydis and Ph. Menyanthis has been de- 
scribed by Clinton, and Sparrow (1934), but neither of them indicate of 
what type it may be. In view of the fact that these thalli have the same 
organization as the true Rhizidiaceae it is improbable that the rhizoids are 
nucleated, and hence the proliferation may be similar to that in Harpo- 
chytrium and Traustochytrium. It is quite obvious from this discussion 
that the whole problem of sporangial proliferation in relation to the 
rhizoidal system in the Rhizidiaceae needs to be studied from fixed and 
stained material before any adequate conclusions can be drawn. 

At this point we may perhaps best consider the two unusual sapro- 
phytic genera Tetrachytrium and Zygochyirium, described by Sorokin 
(1874), although there is no good evidence for including them among the 
Rhizidiaceae. In the latter sexual reproduction occurs by lateral conjuga- 
tion between branches of the same thallus and appears to be identical in 
superficial appearances at least to the same process in the Zygomycetes. 
The thalli are thus homothallic. In Tetrachyirium, on the other hand, 
fusion between uniciliate motile isogametes occurs, forming an active bi- 
ciliate zygote. The gametes come from the same sporangia and are thus 
not genotypically differentiated. In neither of these forms has the cytology 
of sexual reproduction, nuclear division, and meiosis been studied. How- 
ever, in his figures of Tetrachytrium, Sorokin shows that cleavage in the 
zoosporangia is progressive from the center outwards. 

It is thus obvious from this résumé that there are only three accounts 
of nuclear division of any significance in this large family of chytrids, while 
cytokinesis has scarcely been studied at all in detail. Sexual reproduction, 
however, has been reported in almost a score of species and exhibits a 
variety of differences. In the majority of species, long conjugation canals 
between the thalli are developed, while in others the content of the ad- 
jacent male gamete passes directly into the female through a small opening 
or pore. In a few species fusion between motile isogametes occurs. The 
cytological details of fertilization, however, such as nuclear fusion have 
been described in only three species, and in none of these or any member 
of this family has reduction division been observed. Consequently, very 
little conclusive evidence is known regarding the alternation of genera- 
tions. 

The cytology of host-parasite relationship in this family has scarcely 














72 MEMOIRS OF THE TORREY BOTANICAL CLUB 


been studied at all in fixed and stained material, and then only indirectly. 
The species such as Sporophlyctis rostrata and Polyphagus Euglenae which 
have been investigated cytologically are completely extramatrical, except 
for the tips of the rhizoids, and polyphagus, and are thus less favorable for 
the study of this problem. The cytological data on these two forms so far 
relate primarily to the parasite and not the host. The majority of species 
in the Rhizidiaceae are quite small, evanescent, and occur chiefly on single 
algal cells, and it is accordingly difficult to determine the degree of patho- 
geneity. In many cases it is not certain from the descriptions in the litera- 
ture whether the pathological conditions of the infected cells are due to 
the so-called parasite, or that the latter is only capable of attacking dying 
and dead cells. 

There are, however, numerous cases on record where the effect of the 
parasite on the host is quite marked. In the case of parasitism on green 
algae the plastids are soon discolored, turn yellowish brown and red and 
finally degenerate as they become more or less clumped with the remainder 
of the protoplasm around the rhizoids or haustoria of the parasite. Some- 
times marked plasmolysis may accompany such degeneration. Effects of 
this kind have been reported by Zopf (1887) for Rhizophidium Sciadti and 
R. Cyclotellae and R. agile; Phiyctidium Bumilleriae (Couch, 1932); Chy- 
tridium perniciosum, and Podochytrium lanceolatum (Sparrow, 1933, 1936) 
and numerous other workers. Rhizophidium Sphaerotheca and R. pollinis, 
according to Zopf (1888) cause a fatty degeneration of the protoplasm of 
pollen grains. Numerous other changes of a similar nature have been 
reported. 

The reaction of the host cell wall to the presence of the parasite is often 
quite marked and characteristic. Braun (1855) early noted that the walls 
of the host cells became thickened when parasitized but he did not regard 
this as a protective reaction. More recently Scherffel (1925, 1926) has 
reviewed the literature in relation to this occurrence and shown that a 
great number of algae when attacked by rhizidiaceous chytrids form cellu- 
lose caps or plugs in the region of infection which prevent the entry and 
spread of the parasite. This is particularly evident in the case of Chytridium 
Confervae and C. lagenula on Tribonema, and Rhizophidium fallax on 
M ougeotia. In the former, as the rhizoids come into contact with the cross 
walls the host nucleus and cytoplasm become clumped together at that 
point and build a large conspicuous cellulose plug. Numerous other cases 
are cited by Scherffel where the host reaction is essentially the same. It 
appears nonetheless to be rather specific, since one host may react quite 
differently or not at all to the same or different parasites. 

In contrast to the condition in the Synchytriaceae and Olipidiaceae, 
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however, no galls or malformations of the host tissues are produced, nor 
are the infected and adjacent cells stimulated to divide. Rhizophidium 
fungicolum, for instance, cause enlargement, elongation of Gloeosporium 
cells, according to Zimmermann (1902); while Zygorhizidium or Ecto- 
chytridium Willet may bring about a distinct bending of Mougeotia cells 
in addition to elongation and a slight increase in diameter (Scherffel, 
1925). These changes in the host cells do not involve meresis or hyper- 
plasia but only auxesis, cell expansion or enlargement. 


CLADOCHYTRIACEAE 


The meager cytological data at hand for this family are almost as con- 
flicting as in the Synchytriaceae. The most significant contributions bear- 
ing directly on the problems of host-parasite relationship, nuclear and 
cell division, sexual reproduction, etc., are those of Prunet (1894), Maire 
and Tison (1911), Bally (1911), Tisdale (1919), Wilson (1915, 1920), Fron 
and Lasnier (1920), Jones and Dreschler (1920) and Bartlett (1926). 
Much earlier, however, Schroeter (1889, 1897) and Magnus (1897, 1901) 
had maintained for several species of Urophilyctis that the resting spo- 
rangia arose by the fusion of antheridia and oogonia. Fischer (1892) at once 
pointed out that what had been called the antheridia were nothing but 
empty vegetative ‘“‘sammelzellen” such as Nowakowski (1877a) and Biis- 
gen (1887) had shown in Cladochytrium and Physoderma, and that the 
so-called oogonium was only another such cell which had developed into 
a zoosporangium. He was confirmed by Ludi (1901) and Clinton (1902), 
and we now know that what the earlier students regarded as the conjuga- 
tion tube in Urophlyciis is nothing but the isthmus connecting the resting 
spore with the turbinate organ cell from which it originated. Prunet, 
none the less, is inclined to regard the zoosporangia in Cladochytrium viti- 
colum as originating from the fusion of adjacent spindle organ cells. 
Furthermore, in this species he describes the zoospores as being formed 
by the simultaneous division of the protoplasm into a number of equal 
masses. 

Maire and Tison were the first to study cytologically the development 
of the thallus of Urophlyctis Kriegeriana, and described nuclear division 
in the turbinate organs and growing sporangia as strictly amitotic. In the 
latter structures they also observed nuclei of unusual size which degenerate 
and whose content aggregates in the central vacuole. No evidence of 
antheridia and oogonia was observed. Bally confirmed their results on this 
species, and in U. Riibsaameni also described nuclear division as amitotic. 
In addition he observed macro- and micronuclei, occasional fusion be- 
tween the smaller ones, and nuclear multiplication by heteroschizis and 














74 MEMOIRS OF THE TORREY BOTANICAL CLUB 


gemmation in the same manner as he, Percival, and Griggs had described 
in Synchytrium. The chromatin granules which are extruded from the 
nucleole during nuclear gemmation increase in size and gradually undergo 
hydration in the cytoplasm, and eventually the zoospores are formed 
around them. Thus as far as nuclear and cell division are concerned, U, 
Riibsaameni shows the same characteristics and aberrations as he had 
previously described for S. Taraxaci and S. endobioticum. 

Tisdale showed the initial infection stages of Physoderma Zeae-maydis, 
the development of the rhizomycelium in the host cells and the germina- 
tion of the resting sporangia without giving any particular cytological 
details of the processes. As to cell division and zoospore formation in the 
sporangia he merely states that “the granular content of the endospo- 
rangium begins rounding up into nuclei or oil droplets,”’ which finally be- 
come the central bodies of the zoospores. Wilson’s account of the develop- 
ment and cytology of Urophlyctis Alfalfae is comparatively unorthodox 
and unusual to say the least. The mature resting sporangium undergoes 
progressive cleavage during germination and forms both large and small 
zoospores which are biciliate, with one flagellum much longer than the 
other. These heterogamous gametes may fuse to form a motile zygote, or 
infect the host directly. Both the zygotes and zoospores produce amoebae, 
and later develop into an extended plasmodium in the host tissue, from 
which presumably the resting sporangia develop. No evidence of the rhizo- 
mycelium was observed. Abundant mitotic figures were seen only in the 
plasmodial stage. In relation to Wilson’s unusual account of U. Alfalfae 
attention is also called to Scott’s (1920) description of the germination of 
the resting spores. Each resting spore forms from one to fifteen zoospo- 
rangia which give rise to uniciliate zoospores, and is accordingly to be 
regarded as a prosporangium, similar in most respects to the same type of 
structure in Synchytrium. In the light of previous and subsequent descrip- 
tions of the life history of Urophlyctis species, it is highly probable that 
both Wilson and Scott were dealing with more than one organism. 

Jones’ and Dreschler’s work on the same species appeared a little later 
in the same year. They showed some early infection stages, the immediate 
enlargement of the infected host cells, extensive replication of the rhizo- 
mycelium, and the development of the resting sporangia. Rapid amitotic 
division of the nuclei occurs in the turbinate organs, which is then appar- 
ently followed by cytokinesis, although nothing was observed as to the 
mode of this process. The organs thus become multicellular, and from 
these cells grow out secondary, tertiary, etc., turbinate organs, tenuous 
filaments and resting sporangia. No nuclei occur in the filaments except in 
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transit, and are confined exclusively to the turbinate organs and sporangia, 
in the same manner as I have described for Cl. replicatum. No nuclear 
division was observed in the latter structures, but enlarged nuclei which 
subsequently degenerated into the central vacuole were frequently seen. 

Fron and Lasnier confirmed Jones and Dreschler as to amitosis in the 
turbinate organs, but in U. Potterit Bartlett found one typical mitotic 
figure in a developing turbinate organ. In the genus Catenaria Buckley 
and Clapham (1929) have shown that the resting sporangia are formed by 
the contraction and retraction of the contents of the zoosporangia and 
their investment with a thick, smooth, double-contoured wall. Occasional 
fusion of zoospores has been observed by the author (1934) in a sapro- 
phytic species of Catenaria and by Miss Ojerholm (1934) in Physoderma 
Zeae-maydis, but it is still questionable whether such fusion occurs uni- 
versally and is of general significance in resting spore development. 

The genera Hypochyirium and Rhizidiocystis are generally regarded as 
doubtful chytrids, but they have nevertheless been occasionally grouped 
with the Cladochytriaceae. Until more is known, however, of their struc- 
ture and development they must accordingly occupy a dubious position. 
Rhizidiocystis (Sideris, 1929) is a destructive parasite in the root hairs of 
pineapples, being to some degree responsible for “pineapple wilt.’’ The 
only distinct characteristic which it has in common with members of this 
family is the presence of intercalary swellings or “turbinate organs,”’ since, 
according to Sideris, no zoospores are produced. Hypochytrium parasitizes 
the ascocarps of Helotium (Zopf, 1884) and cells of Hydrodictyon (Val- 
kanov, 1929). It is likewise characterized by the presence of intercalary 
swellings, but possesses anteriorly ciliate zoospores. Both of these genera 
have only been studied in the living condition, and as a consequence 
nothing is known of nuclear and cell division and the cytological effects 
of the parasites on the hosts. 

This résumé shows clearly the inadequacy and lack of cytological data 
for the family Cladochytriaceae. Bartlett’s lone mitotic figure in a de- 
veloping turbinate organ is the only one in the literature showing indirect 
nuclear division in this family, outside of those of Wilson in the dubious 
plasmodium of Urophlyctis and my own in Cl. replicatum. The presence of 
this figure and the abundance of regular mitosis in Cl. replicatum convinces 
me that this will undoubtedly prove to be the normal and universal mode 
of nuclear division in all species of the Cladochytriaceae when they have 
been studied intensively, although the reports of Maire and Tison, Bally, 
and Jones and Dreschler are to the contrary. Cell division in the zoospo- 
rangia is generally described as simultaneous when considered at all, and 








76 MEMOIRS OF THE TORREY BOTANICAL CLUB 


as to the manner in which the turbinate and spindle organs become multi- 
cellular nothing is known, except in Cl. replicatum. Furthermore, there 
are no conclusive and indisputable accounts of sexuality. 

The reaction of the host to the presence of the parasite is not par- 
ticularly marked except when infected with species which are commonly 
assigned to the genus Urophlyctis. In fact, such action on the host is re- 
garded by many mycologists as the criterion for separating this genus 
from Cladochytrium and Physoderma. While the author does not agree 
with this distinction fundamentally, it is nevertheless convenient for the 
purposes of this discussion. Schroeter, Fischer, Magnus, and all of the 
later students of Urophlyctis have described pronounced enlargement of 
the infected host cells; and when such infections occur close together and 
spread profusely conspicuous galls are formed. The parasite has a predilec- 
tion for young meristematic cells, and infection of mature differentiated 
tissues occurs very seldom if at all. The infected cells do not divide, but 
those immediately surrounding are stimulated to rapid multiplication. 
This is particularly true of the vascular strand of infected growing points. 
As a consequence layers of thin, meristematic, and more or less isodia- 
metric cells are formed by the host, apparently limiting the spread of the 
disease. These may become infected very shortly, or differentiate into 
vascular elements. The mature galls may thus be composed of various 
kinds of cells, and are the combined results of auxesis and meresis, with 
the latter apparently playing by far the dominant rdle. 

As to the effect of the parasite on the host cell walls, nucleus and cyto- 
plasm, there are only a few specific cytological data in the literature. 
Schroeter and Magnus early noted that in some species the host cell wall 
became greatly thickened and swollen and finally extensively perforated, 
somewhat similar to sieve plates, as the rhizomycelium grows through to 
adjacent cells. In U. Alfalfae particularly, Magnus described the walls as 
being locally absorbed in certain regions, and in others forming conical and 
coralloid cellulose plugs which extend out into the lumen of the cell. Bally 
also noted a thickening of the cell walls of Rumex scutatus when parasitized 
by U. Riibsaameni but no cellulose plugs. On the other hand, such thick- 
ened and swollen walls showed no cellulose but rather a marked pectic 
reaction with various microchemical tests. Bally is thus of the opinion 
that the first step in the breakdown of the wall is the secretion of an 
enzyme by the fungus which dissolves the cellulose and leaves only a pectic 
residue. However, many years previously Saccardo and Mattirolo (1895) 
had claimed that the walls of infected cells of alfalfa were typically cellulose 
in composition, while Lagerheim (1898) maintained that they became 
lignified. Bartlett supports Lagerheim’s contention for Lotus corniculatus 
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when parasitized by U. Potteri. Jones and Dreschler, on the other hand, 
noted only a thickening of the wall, but made no tests as to its funda- 
mental composition. Walls of adjacent enlarged cells may be dissolved or 
absorbed, so that the replicated rhizomycelium may often lie in a multi- 
nucleate symplast, according to Bally. The nucleus of the host cell usually 
enlarges considerably and may become quite irregular in outline. The 
latter change, however, is not as marked as in the case of cells infected 
with Synchytrium. The increase in size, on the other hand, may not be 
entirely due to the presence of the parasite, but primarily to an effort to 
maintain the nucleo-cytoplasmic ratio in the enlarging cell. Magnus, 
Bally, and Jones and Dreschler, however, believe it is chiefly due to the 
former. The nucleoli enlarge and multiply, become intensely basophilic, 
and are the last of the nuclear elements to disintegrate, while the chro- 
matin and linin become more sparse and gradually disappear. Very little 
definite is known about the effect on the host cytoplasm. None of the 
students of Urophlyctis discuss this problem, but Jones’ and Dreschler’s 
figures indicate that it becomes highly vacuolated as the infected cells 
enlarge. 

The majority of species of Cladochytrium, Amoebochytrium, and Cate- 
naria are saprophytic, and for those which are weakly parasitic little or 
nothing is known about their effect on the host. On the other hand, C7. 
viticolum, according to Prunet (1894), is a destructive parasite of grape 
vines and causes definite swellings and spots in the infected regions. It 
is not certain, however, from his descriptions whether these galls are the 
result of auxesis or meresis or a combination of both. On the basis of its 
effect on the host this species will perhaps be transferred to Physoderma 
if Minden’s (1911) classification is widely accepted. 

The species of Physoderma are parasitic and cause only slight enlarge- 
ment and discoloration of the host tissues, according to Minden’s (1911) 
limitations of the genus. As noted above, they have been studied some- 
what extensively from the structural standpoint, but none of these studies 
have contributed much to our knowledge of the cytology of host-parasite 
relationship. The contributions of Schroeter, De Bary (1874, 1884), 
Biisgen, Clinton and Tisdale on various species of this genus are notably 
lacking in this respect. 


SUMMARY 


1. The zoospores of Cladochytrichum replicatum penetrate the host cell 
by a small germ tube into which the nucleus migrates. It usually comes to 
rest near the tip of the tube, and the latter then enlarges in that region 
and becomes the initial uninucleate spindle organ. One or more tenuous 
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filaments and rhizoids develop from this organ and pass into adjacent 
cells. The nucleus divides very shortly, and one and occasionally both 
daughter nuclei migrate out into these filaments and thus secondary and 
tertiary spindle organs or “sammelzellen,”’ etc., are established. Accord- 
ingly, as this continues the thallus is continually replicated as it spreads 
in the host tissue and soon becomes polycentric in structure and organiza- 
iion. Its development and replication is thus distinctly homoeotic. 

2. Rhizoids are abundantly developed on the tenuous filaments and 
often from the surface of the spindle organs and zoosporangia and soon 
run out to fine points and end shortly. They appear to be the primary 
organs of absorption. 

3. The nuclei in mature thalli are localized in distribution and con- 
fined to the spindle organs, zoosporangia and resting spores. They may 
be found in the tenuous filaments only in transit or during migration to 
establish successively new centers. They are thus not more or less evenly 
distributed along the entire length of the thallus as appears to be the con- 
dition in the mycelium of the higher fungi. Doubtless as a result of such 
localization of the nuclei in the spindle organs during the growth period, 
these enlargements become the vegetative centers of thallus replication. 

4. The thallus or rhizomycelium of C. replicatum at maturity thus 
consists of rhizoids, tenuous filamentous portions, spindle organs, zoospo- 
rangia and resting spores. The so-called tenuous filaments connecting the 
more or less globular structures vary considerably in diameter and may 
become quite large under certain conditions. The rhizomycelium possesses 
many characteristics in common with rhizidiaceous thalli of the family 
Rhizidiaceae and the mycelium of the higher fungi, and as far as our 
knowledge of the chytrids goes at the present time appears to stand more 
or less midway between the two. On one hand it develops numerous enu- 
cleate rhizoids, and on the other hand it is polycentric in structure and 
organization. There is, however, no good evidence at hand to show that 
it is a transitional evolutionary type of thallus which has evolved from 
the rhizidiaceous forms and then in turn given rise to a true mycelium. 

5. Nuclear division in the spindle organs and zoosporangia is mitotic 
with well-defined achromatic spindle and chromosomes. The resting 
nucleus possesses a large nucleole and a faint chromatin reticulum oriented 
to some degree on the former. During the prophase changes the reticulum 
becomes denser and more basophilic, but the nucleole does not undergo 
much change in size, shape, and staining capacity. No conspicuous nucle- 
olar discharges of chromatin have been observed, and at present it is not 
certain that the large nucleole is to be regarded as karyosome. The chromo- 
somes are quite small, and in cases of faulty fixation and staining may 
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become indistinct as individual bodies. The number falls between six and 
nine. The division spindles are intranuclear but their origin is obscure. 
Some evidence of centrosomes and astral rays has been found, but the 
data at hand are not sufficient to warrant the general conclusion that they 
are universally present. So far they have not been found to play any part 
in the origin of the spindle and the division of the cell. In the late ana- 
phases and telophases the daughter chromosomes usually fuse into two 
compact, optically homogeneous oval masses which have an appearance 
strikingly similar to the nucleoli of the resting nucleus and eventually 
become surrounded in some unknown manner by a membrane. The nucle- 
ole of the mother nucleus generally retains its size and staining reaction 
during division and finally with the disappearance of the nuclear mem- 
brane is liberated into the cytoplasm where it gradually diminishes in size 
and disintegrates. 

6. Cytokinesis occurs after nuclear division has been completed and 
is independent of the activity of the spindle fibers or other similar kino- 
plasmic material. In the spindle organs circular clefts or furrows develop 
centripetally and within them are formed delicate plates or membranes 
which gradually progress with the clefts toward and meet in the center 
of the cell. In the zoosporangia cell division is accomplished by progressive 
cleavage. In non-vacuolated sporangia the cleavage furrows begin at the 
periphery and progress more or less radially between the nuclei until the 
protoplasmic mass is cut up into polyhedral segments. Cleavage may be 
accompanied by shrinkage, but after the process is completed the seg- 
ments may rehydrate and fill up the zoosporangium again. The lines of 
demarcation thus become finer and less distinct, and the sporangium fre- 
quently has the appearance of having undergone simultaneous frag- 
mentation. In sporangia with large central vacuoles the cleavage furrows 
usually start at the boundary of the vacuole and progress centrifugally. 
In a few instances both centripetal and centrifugal cleavage have been 
observed within the same sporangium. 

7. During the process of cleavage and the maturation of the segments 
the nucleole usually diminishes in size, and numerous basophilic granules 
or bodies appear in the cytoplasm near the nuclear membrane at the pole 
opposite the nucleole. Whether these are chromidia extruded from the 
nucleole during its diminution in size or chondriosomes has not been 
definitely determined, but they nevertheless appear to increase in size and 
volume and eventually fuse to form a dense staining extra-nuclear cap. 
This varies considerably in size but usually sits as a more or less hemi- 
spherical hood over the apex of the nucleus. The mature zoospores possess 
thus a well-defined nucleus with a small nucleole, a conspicuous nuclear cap 








80 MEMOIRS OF THE TORREY BOTANICAL CLUB 


and a single posteriorly attached cilium. The point of attachment of the 
cilium and the nuclear membrane are frequently connected by delicate 
cytoplasmic strands. 

8. No fusion of motile or quiescent gametes has so far been observed. 
From the data at hand the more or less spherical, hyaline resting spores 
appear to be formed asexually. They are predominantly uninucleate, al- 
though occasional bi- and tetranucleate spores may be formed. Their 
method of development seems to be similar to that of the evanescent 
zoosporangia, with the exception that the golden-red globules are not con- 
spicuously developed and nuclear division is ordinarily suppressed. As the 
spore grows in size the more or less hyaline globules fuse to form a large 
central one, and the wall begins to thicken and soon attains mature pro- 
portions. 

9. The Chytridiales in general have been but little studied cytologi- 
cally. Less than two dozen species have been investigated, and very little 
is known of the processes of sexual reproduction, nuclear division, cyto- 
kinesis, etc., in the group as a whole. Amitosis, nuclear budding and frag- 
mentation, and the origin of nuclei from granules in the cytoplasm has 
been described in a large number of species, while cell division is reported 
to occur by cell plate formation, simultaneous fragmentation of the proto- 
plasm, and progressive cleavage. Chromosome counts have been made in 
only seven species, and there are scarcely half a dozen detailed accounts of 
indirect nuclear division for the whole group. While sexual reproduction 
has been observed in a large number of species, meiosis has been found 
and described in only one species. 

COLUMBIA UNIVERSITY 
New York CIty 


Literature cited 


Atkinson, G. F. 1909. Some fungus parasites of algae. Bot. Gaz. 48: 321-338. 

Bally, W. 1911. Cytologische Studien an Chytridineen. Jahrb. wiss. Bot. 50: 
95-156. 

. 1919. Einige Bemerkungen zu den amitotischen Kernteilung der 
Chytridineen. Ber. deut. bot. Ges. 37: 115-122. 

Barrett, J. T. 1912a. Development and sexuality of some species of Olpidiopsis 
(Cornu) Fischer. Ann. Bot. 26: 209-238. 

.» 1912b. The development of Blastocladia strangulata n. sp. Bot. Gaz. 

54: 353-371. 

Bartlett, A. W. 1926. On a new species of Urophlyctis producing galls on Lotus 
corniculatus Linn. Trans. Brit. Mycol. Soc. 11: 266-281. 

Bary de, A. 1874. Protomyces microsporus und seine Verwandten. Bot. Zeit. 32: 
97-108. 

. 1884. Vergleichende Morphologie und Biologie der Pilze, Mycetozoen 

und Bacterien. Leipzig. 























eR 
































CYTOLOGY OF THE CHYTRIDIALES 81 


Becker, F. R. 1926. Endamoeba Citelli sp. nov. from the striped ground squirrel 
Citellus tridecemlineatus, and the life history of its parasite, Sphaerita 
Endamoebae sp. nov. Biol. Bull. 50: 444-454. 

Bessey, E. A. 1935. A text-book of mycology. Phila. 

Blackman, V. H. 1904. On the fertilization, alternation of generations and general 
cytology of the Uredineae. Ann. Bot. 18: 323-373. 

Bold, H. C. 1933. The life history and cytology of Protosiphon botryoides. Bull. 
Torrey Club 60: 241-299. 

Brand, F. 1908. Uber Membran, Scheidewinde und Gelenke der Algengattung 
Cladophora. Ber. deut. bot. Gesell. 26: 114-143. 

Braun, A. 1855. Uber Chytridium, eine Gattung einzelliger Schmarotzgewiische 
auf Algen und Infusorien. Abh. Kgl. Akad. Wiss. Berlin 1855: 21-83. 

Brug, S. L. 1926. Nucleophaga intestinalis n. sp. parasitic in the nucleus of Endo- 
limax Williamsi (Prow.) [Iodamoeba Biitschli (Prow.)| Sphaerita as a para- 
siste of Entamoeba coli. Med. Dienst. Volks. Nederl.-Indie 4: 466-468. 

Brumpt, E., and G. Lavier. 1935. Surune Nucleophage parasite d’ Endolimax nana. 
Ann. Parasit. 13: 439-444. 

Bruyne de, C. 1890. Monadines et Chytridicées, parasites des algues du Golfe de 
Naples. Arch. Biol. 10: 43-104. 

Buckley, J. J. C., and P. A. Clapham. 1929. The invasion of helminth eggs by 
chytridiacean fungi. Jour. Helminth. 7: 1-14. 

Biisgen, M. 1887. Beitrag zur Kenntnis der Cladochytrien. Cohn’s Beitr. Biol. 
Pflanz. 4: 269-283. 

Butler, E. J. 1907, An account of the genus Pythium and some Chytridiaceae. 
Mem. Dep’t. Agric. India, Bot. I., no. 5: 1-160. 

Caullery, M., and F. Mesnil. 1905. Recherches sur les Haplosporidies. Arch. Zool. 
Exp. Gen. 4th ser. 4: 101-181. 

Cejp, K. 1932. Some remarks to the knowledge of the parasitic Phycomycetes of 
Conjugates in Bohemia. Bull. Int. Acad. Sci. Bohéme 1932: 1-6. pls. 1, 2. 

. 1933. Further studies on the parasites of Conjugates in Bohemia. 
Ibid. 1933: 1-11. pls. 1, 2. 

Chatton, E. 1908. Sur la reproduction et les affinities du Blastulidium paedoph- 
thorum Ch. Perez. Comp. Rend. Soc. Biol. 64: 34-36. 

, and A. Brodsky. 1909. Le parasitisme d’une Chytridinée du genre 
Sphaerita Dangeard chez Amoeba limax Dujard. Etude comparative. 
Arch. Protistk. 17: 1-18. 

Clinton, G. P. 1902. Cladochytrium Alismatis. Bot. Gaz. 33: 49-60. 

Codreanu, R. 1931. Sur l’évolution des Endobdlastidium, nouveau genre de pro- 
tiste parasite coelomique des larves d’Ephéméres. C. R. Acad. Sci. Paris 
192: 772-775. 

Colley, R. H. 1918. Parasitism, morphology and cytology of Cronartium ribicola 
Jour. Agr. Res. 15: 619-660. 

Cook, W. R. J. 1929. A preliminary account of a new species of the Protista. 
Arch, Protistk. 66: 285-289. 

: ae . 1932. The life history of Cystochytrium radicale occurring in the roots 
of Veronica beccabunga. Trans. Brit. Mycol. Soc. 16: 246-252. 

inten , and W. B. Collins. 1935. The life history of Olpidium majus sp. nov. 
with notes on Olpidium radicale Schwarze and Cook. Ann. Mycol. 33: 

72-77. 




















MEMOIRS OF THE TORREY BOTANICAL CLUB 


,and W. H. Nicholson. 1933. A contribution to our knowledge of 
Woronina polycystts. Ann. Bot. 47: 851-859. 

Cornu, M. 1872. Monographie des Saprolegniées, deuxiéme partie. Chytridinées 
parasites des Saprolegniées. Ann. Sci. Nat. ser. 5, 15: 112-198. 

Cotner, F. B. 1930. Cytological study of the zoospores of Blastocladia. Bot. 
Gaz. 79: 295-309. 

Couch, J. N. 1931. Micromyces Zygogonii Dang., parasitic on Spirogyra. Jour. 
Elisha Mitchell Soc. 46: 231-239. 

. 1932. Rhizophidium, Phlyctochytrium and Phlyctidium in the United 

States. Jour. Elisha Mitchell Sci. Soc. 42: 245-260. 

. 1935. New or little known Chytridiales. Mycologia 27: 160-175. 

Crouch, H. B. 1933. Four new species of Trichomonas from the woodchuck 
(Marmota monax Linn.). Jour. Parasit. 19: 293-300. 

Cunha,A. Da., and J. Muniz. 1923. Parasitismo de Trichomonas por Chytridiaceae 
do genero Sphaerita Dangeard. Brazil- Medico. 37: 19. 

Curtis, K. M. 1921. The life history and cytology of Synchytrium endobioticum 
(Schilb.) Perc., the cause of wart disease in potato. Phil. Trans. Roy. Soc. 
Soc. London B. 210: 409-478. 

Dangeard, P. A. 1886a. Sur un nouveau genre de Chytridiacées parasite des 
rhizopodes et des flagellates. Bull. Soc. Bot. France 33: 240-241. 

. 1886b. Recherches sur les organismes inferieurs. Ann. Sci. Nat. ser. 7 

4: 241-341. 

. 1889. Mémoire sur les Chytridinées. Le Bot. 1: 39-74. 

. 1890. Recherches histologiques sur les Champignons. Ibid. 2: 63-149. 

. 1895. Mémoire sur les parasites du noyau et du protoplasma. Ibid. 4: 

199-256. 

. 1900. Recherches sur la structure du Polyphagus Euglenae Nowak. 

et sa reproduction sexuelle. Ibid. 7: 213-258. 

. 1903. Un nouveau genre de Chytridiacées: le Rhabdium acutum, Ann. 

Mycol. 1: 61-64. 

. 1933. Nouvelles observations sur les parasites des Eugleniens. Le Bot. 
25: 1-46. 

Dangeard, Pierre. 1934. Sur la présence a Roscoff d’une Chytriadale des Ecto- 
carpées l’Eurychasma Dicksonii (Wright) Magnus. Ann. Protist. 4: 69-71. 

Debaisieux, P. 1920. Coelomycidium Simulii nov. gen., nov. spec., et remarques 
sur |’ A moebidium des larves de Simulium. La Cellule 30: 249-276. 

Diehl, H. 1935. Beitrige zur Biologie von Olpidiopsis Saprolegniae Barrett. 
Zentralb. Bakt. Parasitk. u. Infekt. 92: 229-249. 

Dobell, C. 1919. The amoebae living in man. London. 

, and F. W. O’Connor. 1921. The intestinal protozoa of man. London. 

Dodge, B. O., and L. O. Gaiser. 1926. The question of nuclear fusions in the 
blackberry rust Ceoma nitens. Jour. Agric. Res. 22: 1003-1024. 

Doflein, F. 1907. Studien zur Naturgeschichte der Protozoen. Arch. Protistk. 
Suppl. 1: 250-293. 

Elpatiewsky, W. 1907. Zur Fortpflanzung von Arcella vulgaris Ehrbg. Arch. 
Protistk. 10: 441-466. 

Epstein, H. 1922. Ueber parasitische Infektion bei Darmamében. (Russian text, 

German Résumé.) Arch. Soc. Russ. Protist. 1: 46. 





















































CYTOLOGY OF THE CHYTRIDIALES 83 


Fisch, C. 1884. Beitrige zur Kenntniss der Chytridiaceen. Sitz’b. phys.-med. 
Soc. Erlangen 16: 29-66. 

Fischer, A. 1880. Ueber die Stachelkugeln in Saprolegiaschlauchen. Bot. Zeit. 
38: 689-696, 705-711, 721-726. 

. 1882. Untersuchungen iiber die Parasiten der Saprolegnieen. Jahrb. 

wiss. Bot. 13: 286-371. 

. 1892. Phycomycetes. Rabenhorst’s Kryptogamenflora 1‘, 

FitzPatrick, H. M. 1930. The lower fungi—Phycomycetes. 

Fron, G., and Lasnier, E. 1920. Sur un Chytridinée parasite de la Luzerne. Bull. 
Soc. Mycol. France. 36: 53-61. 

Gilbert, H. C. 1935. Critical events in the life history of Ceratiomyxa Am. Jour. 
Bot. 22: 52-70. 

Gimesi, N. O. C. F. 1924. Hydrobiologiai Tanulmanyok (Hydrobiologische 
Studien) 2. Budapest. 

Gobi, C. 1899. Fulminaria mucophila nov. gen., et sp. Scripta Bot. Horti. Univ. 
Imp. Petrop. Fasc. 15: 283-292, 

Griggs, R. F. 1908. On the cytology of Synchytrium, III. The réle of the centro- 
some in the reconstruction of the nucleus. Ohio Nat. 8: 277-283. 

. 1909a. Some aspects of amitosis in Synchytrium. Bot. Gaz. 47: 127-138. 

.1909b. Mitosis in Synchytrium with some observations on the in- 

dividuality of the chromosomes. Bot. Gaz, 48: 339-358. 

. 1910. Monochytrium, a new genus of the Chytridiales, its life history 
and cytology. Ohio Nat. 10: 44—54. 

Gruber, A. 1904. Ueber Amoeba viridis Leidy. Zool. Jahrb. Supp. 7: 67-76. 

Guttenberg, H. R. 1909. Cytologische Studien an Synuchytrium—Gallen. Jahrb. 
wiss. Bot. 46: 453-477. 

Guyot, A. L. 1927. Contribution a l'étude systematique et biologique de I’ A stero- 
cystis radicis. Ann. Epiph. 13: 79-93. 

Harper, R. A. 1897. Kerntheilung und freie Zellbildung im Ascus. Jahrb. wiss. 
Bot. 30: 249-284. 

. 1899. Cell-division in sporangia and asci. Ann. Bot. 13: 467-525. 

. 1905. Sexual reproduction and the organization of the nucleus in cer- 

tain mildews. Carnegie Inst. Pub. 37. 

. 1914. Cleavage in Didymium melanospermum (Pers.) Macbr. Am. 
Jour. Bot. 1: 127-144. 

Hartmann, M. 1925. Untersuchungen iiber relative Sexualitaét. I. Versuche an 
Ectocar pus siliculosus. Biol. Zentralbl. 45: 449. 

Hatch, W. R. 1935. Gametogenesis in Allomyces arbuscula. Ann. Bot. 49: 623-649. 

Hovasse, R. 1936. Rhizophidium Beauchampi sp. nov., Chytridinée parasite de 
la Volvocinée Eudorina (Pleodorina) illinoisensis (Kofoid). Ann. Parasit 5: 
73-81. 

Jollos, V. 1926. Untersuchungen iiber die Sexualitaétsverhaltnisse von Dasycladus 
clavaeformis. Biol. Zentralbl. 46: 279. 

Jones, F. R., and C. Dreschler. 1920. Crownwart of alfalfa caused by Urophlyctis 
Alfalfae. Jour. Agric. Res. 20: 295-325, 

Karling, J. S. 1928a. Studies in the Chytridiales I. The life history and occurrence 

of Eniophlyctis heliomorpha (Dang.) Fischer. Am. Jour. Bot. 15: 32-42. 






































MEMOIRS OF THE TORREY BOTANICAL CLUB 





. 1928b. Studies in the Chytridiales II. Contribution to the life history 

and occurrence of Diplophlyctis intestina (Schenk) Schroeter in cells of 

American Characeae. Ibid. 15: 204-214. 

. 1930. Studies in the Chytridiales IV. A further study of Diplophlyctis 

iniestina (Schenk) Schroeter. Ibid. 17: 770-778. 

. 1931a. Studies in the Chytridiales V. A further study of the species 

of the genus Entophlyctis. Ibid. 18: 443-464. 

. 1931b. Studies in the Chytridiales VI. The occurrence and life history 

of a new species of Cladochytrium in cells of Eriocaulon septangulare. Ibid. 

18: 526-557. 

. 1932. Studies in the Chytridiales VII. The organization of the chytrid 

thallus. Ibid. 29: 41-74. 

. 1934a. A saprophytic species of Catenaria isolated from the roots of 

Panicum variegatum. Mycologia 26: 528-543. 

. 1934b. Resting sporangia of Cladochytrium. Sci. n. s. 79: 390. 

. 1935. A further study of Cladochytrium replicatum with special refer- 

ence to its distribution, host range, and culture on artificial media. Am. 

Jour. Bot. 22: 439-452. 

. 1936a. Germination of the resting sporangia in Diplophlyctis intestina. 

Bull. Torrey Club 63: 467-471. 

.1936b. The endo-exogenous method of growth and development of 

Chytridium lagenaria Schenk. Amer. Jour. Bot. 23: 619-626. 

. 1937a. A new species of Phlyctochytrium on Hydrodictyon reticulatum, 

Mycologia 29: 178-186. 

.1937b. The structure, development, identity and relationship of 
Endochytrium. Am. Jour. Bot. 23: (In press). 
Kessel, J. F. 1924a. Experimental infection of rats and mice with the common 
intestinal amocbae of man. Univ. of Calif. Pub. Zool. 20: 409-430. 
.1924b. The distinguishing characteristics of the parasitic amoebae of 
culture rats and mice. Univ. of Calif. Ibid. 20: 489-544. 

Kirby, H. 1927. Studies on some amoebae from the termite Microtermes, with 
notes on some other protozoa from the Termitidae. Quart. Jour. Micro. 
Soc. n. s. 71: 190-219. 

Kniep, H. 1929. Allomyces javanicus n. sp. ein anisogamer Phycomycet mit 
Planogameten. Ber. deut. bot. Gesell. 47: 199-212. 

Kohler, E. 1923. Ueber den derzeitegen Stand der Erforschung des Kartoffel- 
krebses. Arbeit. Biol. Reichanst. Land. Forstwirt. 11: 289. 









































. 1930. Beobachtungen an Zoosporenaufschwemmungen von Syv- 
chytrium endobioticum (Schilb.) Percival. Zentralb. Bakt. Parasitk. II. 
82: 1-10. 





. 1932. Zur Biologie und Cytologie von Synchytrium endobioticum 

(Schilb.) Perc. Phytopath. Zeitschr. 4: 43-55. 

. 1936. Untersuchungen iiber Synchytrium endobioticum (Schlussbericht). 
Zeitschr. Pflanzkr. u. Pflanzsch. 46: 214-223. 

Kusano, S. 1907a. On the nucleus of Synchytrium puerariae Miyabe. Bot. Mag. 
Tokyo Bot. Soc. 21: 118-121. 

. 1907b. On the cytology of Synchytrium. Centralb. Bakt. Parasitenk. 

19: 538-543. 


























CYTOLOGY OF THE CHYTRIDIALES 85 


—— . 1908a. Studies on a disease caused by Synchytrium Puerariae. Bot. 
Mag. Tokyo Bot. Soc. 22: 1-2. 

.1908b. On karyodermatoplast, a nuclear-membrane-forming body. 

Bot. Mag. Tokyo Bot. Soc. 22: (205). 

. 1909. Contribution to the cytology of Synchytrium and its hosts. 

Bull. Coll. Agric. Imp. Univ. Tokyo 8: 80-147. 

. 1912. On the life history and cytology of a new Olpidium with special 

reference to the copulation of motile isogametes. Jour. Tokyo Coll. Agric. 

4: 141-199. 

. 1928. The relative sexuality in Synchytrium. Proc. Imp. Acad. 4: 

497-499. 

. 1929. Observations on Olpidium Trifolit. Jour. Coll. Agric. Imp. Univ. 

Tokyo 10: 83-99. 

. 1930. Cytology of Synchytrium fulgens Schroet. Jour. Coll. Agric. 
Univ. Tokyo 10: 347-388. 

Lagerheim, G. 1898. Mycologische Studien. Beitrag zur Kenntniss der parasi- 
tischen Pilze, 1-3. Bih. Sven. Vet. Akad. Hand. Stockholm 24, III, no. 4: 
1-22. 

Lavier, G. 1935a. Action, sur la biologie d’une Entamibe, du parasitisme intra- 
nucléaire par une Nucleophaga. Comp. Rend. Soc. Biol. 118: 457-459. 

.1935b. Sur une Nucleophaga parasite d’ Entamoeba Ranarum. Ann. 
Parasit. 13: 351-361. 

Ledingham, G. A. 1936. Rhizophidium graminis n. sp., a parasite of wheat roots. 
Canad. Jour. Res. 14: 117-121. 

Leger, L., and O. Duboscq. 1902. Les grégarines et |’épithélium intestinal chez 
les tracheates. Arch. Parasit. 6: 377-473. 

, . 1909. Sur les Chytridiopsis et leur évolution. Arch. Zool. 
Exp. Gen. 5 Ser. 1: IX—XIII. 

Lowenthal, W. 1905a. Tierversuche mit Plasmodiophora Brassicae and Synchytrium 
Taraxaci nebst Beitraigen des letzeren. Zeit. Krebsf. 3: 46-60. 

. 1905b. Weitere Untersuchungen an Chytridiaceen. Arch. Protistk. 
5: 221-239. 

Ludi, R. 1901. Beitrige zur Kenntniss der Chytridiaceen. Hedwigia 40: 1-44. 

Lund, A. 1930. A new species of Pleotrachelus with remarks on the genus. Bot. 
Tideskr. 41: 240—243. 

Lutman, B. F. 1911. Cell and nuclear division in Clostertum. Bot. Gaz. 51: 401- 
430. 

L-Yuan-Po. 1928. Entamoeba Bobaci n. sp. des tarabagans (Marmota bobac). 
Ann, Parasit. 6: 330-342. 

Maire, R., and A. Tison. 1911. Recherches sur quelques Cladochytriacées. 
Compt. Rend. Acad. Sci. Paris 152: 106-107. 

Magnus, P. 1897. On some species of the genus Urophlyctis. Ann. Bot. 11: 87-96. 

. 1901. Ueber eine neue unteriridisch lebende Art der Gattung Uro- 

phlyctis. Ber. deut. bot. Gesell. 19: (145)-(153). 

.1905. Uber die Gattung zu der Rhizophidium Dicksonit Wright 
gehért. Hedwigia 44: 347-349. 

Mattes, O. 1924. Uber Chytridineen im plasma und Kern von Amoeba sphaero- 

nucleus und Amoeba terricola. Arch. Protistk. 47: 414-429. 















































86 MEMOIRS OF THE TORREY BOTANICAL CLUB 


Maurizio, A. 1895. Zur Kenntniss der schweizerischen Wasserpilze nebst Angaben 
iiber eine neue Chytridine. Jahresb. Naturf. Ges. Graubiinden Chur. 38: 
9-38. 

Mercier, L. 1907. Un parasite de noyau d’ Amoeba Blattae Biitschli. Comp. Rend. 
Soc. Biol. Paris. 62: 1132-1134. 

. 1910. Contribution a l’étude de l’Amibe de la Blatte (Entamoeba 
Blattae Biitschli). Arch. Protistk. 20: 143-145. 

Minden, M. v. 1911. Chytridineae. Krypt. Fl. Mark Brandenburg. 5: 209-422. 
Nagler, K. 1911. Studien iiber Protozoen aus einem Almtiimpel. II. Parasitische 
Chytridiaceen in Euglena sanguinea. Arch. Protistk. 23: 262-268. 
Némec, B. 1911. Zur Kenntniss der niederen Pilze. III. Olpidium Salicorniae 

n. sp. Bull. Internat. Acad, Sci. Boheme. 16: 136—144, 157. 

. 1912. Zur Kenntniss der niederen Pilze. IV. Olpidium Brassicae Wor. 

und zwei Entophlyctis—Arten. Ibid. 17: 16-25. 

. 1922. O pohlavnosti u Olpidium brassicae. Zolast. otisk ze Sborniku 
Klubu, Praze. 1922: 1-3. 

Nowakowski, L. 1877a. Beitrag zur Kenntniss der Chytridiaceen. Cohn’s Beitr. 
Biol. Pflanz. 2: 73-100. 

.1877b. Beitrag zur Kenntniss der Chytridiaceen II. Polyphagus 

Euglenae, eine Chytridiacee mit geschlechticher Fortpflanzung. Ibid. 2: 

201-219. 

. 1878. Przyczynek do morfologii i systematyki Skoczkéw (Chytridia- 
ceae). Pamietnik Akad. UmiejetnoSci w Krakowie Wydzia Matem.- 
Przyréd. 4: 174. 

Ojerholm, E. 1934. Miulticiliate zoospores in Physoderma Zeae-maydis. Bull. 
Torrey Club 61: 13-18. 

Penard, E. 1905. Observations sur les Amibes a pellicule. Arch. Protistk. 7: 
175-207. 

. 1912. Nouvelles recherches sur les amibes de groupe Terricola. Ibid. 
28: 78-140. 

Percival, J. 1910. Potato ‘‘wart’’ disease: The life history and the cytology of 
Synchytrium endobioticum (Schieb.) Perc. Centralb. Bakt. Parasitk. II. 
25: 440—447. 

Perez, C. 1903. Sur un organisme nouveau, Blastulidium paedophthorum, parasite 
des embryons de Daphnies. Mem. Soc. Biol. 55: 715-716. 

. 1905. Nouvelles observations sur le Blastulidium paedophthorum. 
Ibid. 58: 1027-1029. 

Petersen, H. P. 1905. Contributions a la connaissance des phycomycétes marins 
(Chytridinae Fischer). Oversigt Kgl. Danske Videns Selsk. Forh. 1905, 
no. 5: 440—488. 

. 1910. An account of Danish freshwater-phycomycetes with biological 
and systematical remarks. Ann. Mycol. 8: 494-560. 

Pringsheim, N. 1860. Beitrige zur Morphologie und Systematik der Algen. IV. 
Nachtraige zur Morphologie der Saprolegnieen. Jahrb. wiss. Bot. 2: 205- 
236. 

Prunet, A. 1894. Sur une Chytridinée de la vigne. Compt. Rend. Acad. Sci. Paris 
119: 572-574. 

Puymaly, A. de. 1927. Sur le Sphaerita endogena Dangeard, Chytridiaceae para- 

sitic des Euglenes. Bull. Soc. Bot. France 74: 472-476. 









































CYTOLOGY OF THE CHYTRIDIALES 87 


Quintanilha, A. 1926. Contribucao ao estodo des Synchytrium. Bolet. Soc. Bro- 
teriana 2nd ser., 3: 88-194. 

Raitschenko, A. 1902. Uber eine Chytridiacee: Rhizophidium sphaerocarpum 
(Zopf) Fischer. Bull. Jard. Imp. St. Petersburg 2: 119-126. 

Rattray, J. 1885. Note on Ectocarpus, Trans. Roy. Soc. Edinburgh 32: 589-600. 

Reinsch, P. F. 1878. Beobachtungen iiber einige neue Saprolegnieae, iiber die 
Parasiten in Desmidienzellen und iiber Stachelkugeln in Achlyaschlauchen. 
Jahrb. wiss. Bot. 11: 281-311. 

Rosen, F. 1887. Ein Beitrag zur Kenntniss der Chytridiaceen. Cohn’s Beitr. 
Biol. Pflanz. 4: 253-282. 

. 1893. Beitrige zur Kenntniss der Pflanzenzelle II. Studien iiber die 
Kerne und die Membranbildung bei Myxomyceten und Pilzen. Ibid. 6: 
237-266. 

Rytz, W. 1907. Beitrige zur Kenntniss der Gattung Synchytrium. Centralb. 
Bakt. Parasitk. II. 18: 635-655, 799-825. 

. 1916. Cytologische Untersuchungen an Synchyirium Taraxaci de 

Bary et Woronin. Ber. schweiz. bot. Ges. 24, 25. 

. 1917. Beitrage zur Kenntniss der Gattung Synchytrium I. Die cytolo- 
gischen Verhiltnisse bei Synchytrium Taraxact De By. et Wor. Beih. Bot. 
Centralb. 34: 343-372. 

Saccardo, P. A., and O. Mattirolo. 1895. Contribuzione allo studio dell’Oedomyces 
leproides Sacc. Nuovo parassita della Barbabietola. Malpighia 9: 399-408. 

Sampson, K. 1932. Observations on a species of Olpidium occurring in the roots 
of Agrostis. Trans. Brit. Mycol. Soc. 17: 182-193, 

Sawada, K. 1922. Descriptive catalogue of the Formosan fungi, II. Dept. Agric. 
Govt. Res. Inst., Formosa, Rept. 2. 

Scherffel, A. 1925. Zur Sexualitit der Chytrideen. Arch. Protistk. 53: 1-58. 

.1926a. Ejiniges iiber neue oder ungeniigend bekannte Chytridineen. 

Ibid. 54: 167-260. 

. 1926b. Beitrige zur Kenntniss der Chytridineen. Teil III. Ibid. 54: 

510-528. 

. 1931. Uber einige Phycomyceten. Ibid. 73: 37-146. 

Schleiden, M. 1838. Ueber Phytogenesis. 

Schneider, A. 1884. Sur le developpement de Stylorhynchus longicollis. Arch. 
Zool. Exp. Gen. 2nd ser. 2: 1-36. 

Schroeter, J. 1889. Chytridiei. Cohn’s Krypt.-Fl. Schlesiens 3: 175-197. 

. 1897. Chytridineae. Engler & Prantl, Die Nat. Pflanzf. I*: 64—-87. 

Schwann, T. 1839. Mikroscopische Untersuchungen iiber die Uebereinstimmung 
in der Structur und dem Wachstum der Thiere und Pflanzen. 

Schwartz, E. J., and Cook, W. R. J. 1928. Life history and cytology of a new 
species of Olpidium; Olpidium radicale sp. nov. Trans. Brit. Mycol. Soc. 13: 
205-221. 

Schwarze, C. A. 1922. The method of cleavage in the sporangia of certain fungi. 
Mycologia 14: 143-172. 

Scott, C. E. 1920. A preliminary note on the germination of Urophlyctis Alfalfae. 
Science n. s. 52: 225-226. 

Serbinow, J. L. 1907. Beitrage zur Kenntniss der Phycomyceten. Organization 
und Enwickelungsgeschichte einiger Chytrydeenpilze. Scripta Bot. Horti. 

Univ. Imp. Petropol. 24: 149-173. 





























88 MEMOIRS OF THE TORREY BOTANICAL CLUB 


Sideris, C. P. 1929. Rhizidiocystis Ananasi. nov. gen. et sp., a root parasite of 
pineapples. Phytopath. 19: 367-382. 

Sigot, A. 1931. Une Chytridiacée nouvelle, parasite des ceufs de Cyclops. Comp. 
Rend. Soc. Biol. 108: 34-37. 

Sorokin, N. W. 1874. Einige neue Wasserpilze. Bot. Zeit. 32: 305-315. 

Sparrow, F. K. 1931. Two new Chytridiaceous fungi from Cold Spring Harbor. 
Am. Jour. Bot. 18: 615-623. 

. 1933a. Inoperculate chytridiaceous organisms collected in the vicinity 

of Ithaca, N. Y., with notes on other aquatic fungi. Mycologia 25: 513-535. 

. 1933b. The Monobleparidales. Ann. Bot. 47: 517-542. 

. 1934a. The occurrence of true sporangia in the Physoderma disease of 

corn. Sci. n. s. 79: 563-564. 

. 1934b. Observations on marine Phycomycetes collected in Denmark. 

Dansk Bot. Ark. 8, no. 6: 1-24. 

. 1935. Recent contributions to our knowledge of the aquatic Phyco- 

mycetes. Biol. Rev. 10: 150-186. 

. 1936a. Biological observations on the marine fungi of Woods Hole 

waters. Biol. Bull. 70: 236-263. 

. 1936b. A contribution to our knowledge of the aquatic Phycomycetes 

of Great Britain. Jour. Linn. Soc. London 50: 417-478. 

. 1936c. Evidence for the possible occurrence of sexuality in Diplo- 
phlyctis. Mycologia 28: 321-324. 

Stevens, F. L. 1907. Some remarkable nuclear structures in Synchytrium. Ann. 
Mycol. 5: 480-484. 

, and Stevens, A. C. 1903. Mitosis of the primary nucleus in Synchytrium 
decipiens. Bot. Gaz. 35: 405-415. 

Swingle, D. B. 1903. Formation of the spores in the sporangia of Rhizopus 
nigricans and of Phycomyces nitens. U.S. Bur. Pl. Ind. Bull. 37: 1-40. 

Thaxter, R. 1896. New or peculiar aquatic fungi III. Blastocladia. Bot. Gaz. 21: 
45-52. 

Timberlake, H. G. 1902. Development and structure of the swarm spores of 
Hydrodictyon. Trans. Wisconsin Acad. Sci. 13: 486-522. 

Tisdale, W. H. 1919. Physoderma disease of corn. Jour. Agric. Res. 16: 137-154. 

Tobler, G. 1913. Die Synchytrien. Arch. Protistk. 28: 141-238. 

Tokunaga, Y. 1933. Studies in the aquatic chytrids of Japan. Trans. Sapporo 
Nat. Hist. Soc. 13: 20-28. 

Tregouboff, G. 1913. Sur un Chytriopside nouveau, Chytridioides Schizophylli 
n. g., N. sp., parasite de l’intestin de Schizophyllum mediterraneum Latzel, 
Arch. Zool. Exp. Gen. 52: 25-31. 

Valkanov, A. 1929. Protistenstudien 5. Hyphochyirium Hydrodictyii—ein neuer 
Algenpilz. Arch. Protistk. 67: 122-127. 

Varitchak, B. 1931. Remarques sur la répartition du cytome au moment de la 
formation des zoospores. Comp. Rend. Acad. Sci. Paris. 192: 371-372. 

Wager, H. 1898. The formation of the zygospore in Polyphagus Euglenae. Rept. 
Brit. Assn. Adv. Sci. Bristol 1898: 1064. 

. 1899. The sexuality of the fungi. Ann. Bot. 13: 575-597. 

. 1913. The life history and cytology of Polyphagus Euglenae. Ann. 

Bot. 27: 173-202. 





















































CYTOLOGY OF THE CHYTRIDIALES 89 


Welsford, E. J. 1921. Division of the nuclei in Synchytrium endobioticum Perc. 
Ann. Bot. 35: 298-299. 

Wenyon, C. M. 1907. Observations on the protozoa in the intestine of mice. 
Arch. Protist. Supl. 1: 169. 

. 1926. Protozoology—A manual for medical men, veterinarians and 
zoologists. New York. 

Wildeman de, E. 1895a. Notes Mycologiques XV. Mem. Soc. Belge Micre. 19: 
88-117. 

——— —, 1895b. Quelques Cytridiacées nouvelles parasites d’algues. La Notarisia 
10 (3): 33-35. 

. 1931. Sur quelques Chytridinées parasites d’algues. Bull. Class. Sci. 
Roy. Belgique 5th ser., 17, no. 3: 291-298. 

Wille, N. 1899. Om nogle Vandsoppe. Vidensk. Selskabets. Skrift. Kristiania 
Math. Nat. Kl. 1, 3: 1. 

Wilson, O. T. 1915. The crown gall of alfalfa. Sci. n. s, 41: 797. 

. 1920. Crown-gall of alfalfa. Bot. Gaz. 70: 51-68. 

Woronin, M. 1878. Plasmodiophora Brassicae, Urheber der Kohlpflanzen-Hernie. 
Jahrb. wiss. Bot. 11: 548-574. 

Wright, E. P. 1879. Ona species of Rhizophydium parasitic on a species of Ecto- 
carpus, with notes on the fructification of the Ectocarpi. Trans. Roy. Irish 
Acad. Sci. 26: 369-379. 

Zimmermann, A. 1902. Ueber einige an tropischen Kulturpflanzen beobachtete 
Pilze II. Centraibl. Bakt. Parasitk. 8: 148-152. 

Zopf, W. 1884. Zur Kenntniss der Phycomyceten. Nova Acta Ksl. Leop.-Carol. 
Deut. Akad. Nat. 47: 143-236. 

. 1887. Uber einige niedere Algenpilze (Phycomyceten) und eine neue 

Methode ihre Keime aus dem Wasser zu isoliren. Abh. Nat. Ges. Halle 

17: 77-107. 

. 1888. Zur Kenntniss der Infections—Krankheiten niederer Thiere und 

Pflanzen. Nova. Acta. Ksl. Leop.-Carol. Deut. Akad. Nat. 52: 313-376. 

. 1890. Die Pilze. Schenk’s Handbuch der Botanik 4: 561. 


























Explanation of Plates 


All figures refer to Cladochytrium replicatum and were drawn from fixed and stained 
preparations with the aid of a Spencer camera lucida, a Zeiss 2 mm. N. A. 1.30 apochro- 
matic objective, and compensating oculars nos. 6 and 8. 


Plate 1 


Fig. 1. A zoospore with a large nuclear cap lying on the surface of an epidermal 
cell of Panicum variegatum. 

Fig. 2. An early germination stage. 

Fig. 3. A later stage showing the migration of the nucleus into the elongated germ 
tube. 

Fig. 4. A very young thallus showing the primary pear-shaped nucleus in the 
initial spindle organ. 

Fig. 5. Equatorial plate stage of division of the primary nucleus in the initial 
spindle organ. 

Fig. 6. A primary two-celled spindle organ showing an early stage of the migration 
of a daughter nucleus into the tenuous portion of the rhizomycelium. 

Fig. 7. A slightly later stage in which the apex of the nucleus is drawn out into a 
densely stained rod. 

Fig. 8-10. Nuclei in transit to secondary spindle organs. 

Fig. 11. A secondary spindle organ with a pear-shaped nucleus. The nucleole is in 
the form of a broad circular band, and from the pointed end of the nucleus runs a 
conspicuous cytoplasmic strand which may possibly indicate the path taken by the 
nucleus in entering. 

Fig. 12. A portion of a rhizomycelium showing the primary and secondary spindle 
organs, rhizoids, and habit of branching and variations in diameter of the filamentous 
portions. 


Plate 2 


Fig. 13. A secondary spindle organ showing the structure of the resting nucleus, 

Fig. 14. A median section of an enlarged resting nucleus showing the structure of 
the chromatin reticulum. The nucleole was not visible in this section. 

Fig. 15, 16. Surface and side views of resting nuclei with circular band-shaped 
nucleoli. 

Fig. 17. An early prophase nucleus from poorly fixed and overstained material. 
The chromatin reticulum is highly shrunken and densely stained. 

Fig. 18. A similar stage from the same type of material, but less densely stained. 
The reticulum is slightly oriented on the nucleole. 

Fig. 20. A very early prophase stage in well-fixed and stained material. The 
reticulum is fairly dense, while the nucleole has an uneven contour and appears to be 
composite. 

Fig. 21. A binucleate zoosporangium with both nuclei in the spireme stage of 
division. In the right-hand nucleus the spireme bands appear coiled or zigzag in ap- 
pearance and are definitely oriented on the nucleole. On the membrane of each nucleus 
lies a densely stained body with cytoplasmic strands radiating from it, which suggests 
the presence of centrosomes and astral rays. 

Fig. 22. A later prophase nucleus showing the shortening and thickening of the 
spireme strands. 

Fig. 23. A slightly later stage showing three small and three larger discrete bodies. 
The nucleole lies at the left side in the shape of a ring. 
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Fig. 24. A late prophase nucleus with seven discrete bodies or chromosomes. The 
achromatic spindle appears to be forming. 

Fig. 25. A very late prophase stage in the primary nucleus of a zoosporangium. The 
intra-nuclear spindle has been fully formed, and the chromosomes are being drawn 
into the equator of the nucleus. The poles of the spindle converge on two densely 
stained bodies lying on the nuclear membrane, and from the latter radiate faint irregu- 
lar cytoplasmic lines. 

Fig. 26. An equatorial plate stage in which the chromosomes appear more or less 
merged into an irregular band across the equator of the spindle. 

Fig. 27. A similar stage showing a broad spindle with the chromosomes arranged 
in a ring around its periphery. 

Fig. 28. Polar view of an equatorial plate stage showing six chromosomes ar- 
ranged in a flat loop. The nucleole is irregular in contour and somewhat cup-shaped. 

Fig. 29. A two-celled spindle organ showing the division of the remaining nucleus. 
One pole of the distorted spindle is centered on the nucleole. 

Fig. 30. An early anaphase stage. The triangular-shaped nucleole lies at one side 
and has apparently distended the nuclear membrane in that region. 

Fig. 31. A slightly later stage in which, due to overstaining, the two chromosome 
groups appear as homogeneous, irregular curved bands. 

Fig. 32. An anaphase stage with a narrow intra-nuclear spindle. 

Fig. 33. A later stage in which the individual chromosomes are fairly distinct. 
The nucleus is surrounded by a dense mass of granules which tend to obscure the 
nuclear membrane. 

Fig. 34. A late anaphase stage in which the chromosomes have arrived at the poles 
of the spindle. 

Fig. 35. A later stage in which the nuclear membrane has almost completely disap- 
peared. The spindle has elongated considerably; the nucleole lies free, and the chromo- 
somes have united into two compact groups. 

Fig. 36. A further anaphase stage. The elongated spindle is represented by a few 
strands and is slightly bent, while around the chromosome groups are distinct polar 
radiations. The nucleole is still present in the cytoplasm as a densely basophilic globule. 


Plate 3 


Fig. 37. An early telophase stage, perhaps, in which the spindle is still faintly 
evident. The chromosomes have united into two compact, optically homogeneous 
groups, and above them appear clear spaces partly surrounded by a faint boundary 
which suggests the origin of the nuclear membrane. The edges of the nucleole are drawn 
out along the spindle. 

Fig. 38. A spindle organ showing the completion of nuclear division. The daughter 
chromosome groups look like two large nucleoli, while the old nucleolus lies in the cyto- 
plasm. No well-defined nuclear reticulum is visible. 

Fig. 39. Doubtless a later stage showing the diminution in the size of the old 
nucleole and the development of a reticulum in the daughter nuclei. 

Fig. 40. A spindle organ showing the two daughter nuclei lying close together in 
the region formerly occupied by the mother nucleus. The old nucleole lies as a disin- 
tegrating mass at the right side. 

Fig. 41. An early stage of cell division in which two faint furrows or clefts are visible. 

Fig. 42. A further advanced stage showing the faint membranes which have been 
laid down in the advancing grooves. 

Fig. 43. A later stage of cytokinesis. 
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Fig. 44. Cytokinesis has been completed. 

Fig. 45. An elongated unicellular spindle organ with four nuclei in which karyo- 
kinesis has apparently not been followed immediately by cell division. 

Fig. 46. An odd-shaped spindle organ with one of the nuclei dividing at right 
angles to the long axis. 

Fig. 47. A five-celled spindle organ, two of whose cells have developed into zoo- 
sporangia. 

Fig. 48. A two-celled spindle organ with a zoosporangium developing directly 
from the surface of one of its cells. 
Plate 4 


Fig. 49. A bi-nucleate zoosporangium showing proliferation. 

Fig. 50. A cross section of a four-nucleate zoosporangium, all nuclei of which are 
in the prophases of division. 

Fig. 51. A longitudinal section of a similar structure with the three visible nuclei 
in the equatorial plate stage of division. 

Fig. 52. An eight-nucleate zoosporangium in longitudinal section with six nuclei 
in division. 

Fig. 53. An oval zoosporangium with a large central vacuole. 

Fig. 54. An early stage of progressive cleavage in a medium-sized sporangium. 

Fig. 55, 56. More advanced stages of cleavage in small zoosporangia. 

Fig. 57,58. Small and large sporangia showing the completion of progressive 
cleavage and the presence of large masses of densely basophilic granules around the 
nuclei. 

Fig. 59. A peripheral cleavage segment showing the position of the nucleus and the 
small nucleole. 

Fig. 60. A cleavage segment showing five densely basophilic bodies in the cytoplasm. 

Fig. 61. A cleavage segment showing an increase in the number of such bodies 
and their aggregation at the pole of the nucleus opposite the nucleole. 

Fig. 62. A later stage of aggregation and fusion of bodies to form the extra-nuclear 
cap. 

Plate 5 

Fig. 63. A mature sporangium with zoospore initials whose nuclei appear as clear 
spaces surmounted by densely stainable nuclear caps. 

Fig. 64A, 64B, and 65. Zoospores showing the variations in size and extent of the 
nuclear cap. 

Fig. 66. An early stage in resting spore formation. 

Fig. 67. A later stage showing the increased vacuolation of the cytoplasm and 
thickening of the cell wall. 

Fig. 68. A’bi-nucleate incipient resting spore. 

Fig. 69. A similar spore which has apparently been formed from a young zoospo- 
rangium, whose exit tube is still present. 

Fig. 70. A four-nucleate resting spore. 

Fig. 71. A two-celled resting spore formed from an encysted spindle organ. 

Fig. 72. An almost mature resting spore which has apparently developed from a 
young uninucleate zoosporangium. The exit tube of the latter is still intact. 

Fig. 73, 74. Mature resting spores showing the flattened nucleus from the side and 


above. 
Plate 6 


Showing the structure, cytology, distribution and organization of the rhizomyce- 
lium of C. replicatum in a portion of an internode of Nitella flexilis. 
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